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Befiilition of sigiis oocmrred in tie ezerdses 

1. The sign +» which is read “plus,” signifies that the quap- ^ 
tity vv Inch comes next after it, is to be addtd to that w hich goes before^ 

2 The sign - < which is rend “ minus,” signifies that tiio qunn* 
tityiwhieh comor next after it, is to suhtraeted from that which'' 
goes before 

3 - The sign x , winch is read “ into,” is placed between twov 

quantities to denote that the first quantity is to bo multiplied by the 
second number. -* 

' 4 The sign A “ *' triangle ” 

' 6. The sign L. is road “ angle ” 

6 Sntd — A root which cannot bo obtained -exactly is calle4^ 
-a surd. Tho symbol ^is the corruption of the letter r the first 
' letter of tho word root or radtx^ 

% 

, 7. The sign-, which is rood “is equal to," is placed between* 

2 expressions to denote that they ore equal to one another. 

» a 

8 The signs > and < ore used to denote respectively greater 
than and leas than. 

9 The sign 'denotes {hertfone . . The sign denotes fiscauio. 
or hence. 


10. The sign U denotes “ pardlel to.” 



According to the new and le vised TJmveisity rules, Students 
pieparing for the Matiiculation Examination are lequiied to take 
up Hall and Steven’s School Geometry as a portion of their Mathe- 
matical Couise, ^\liich co\ers not only Theoiical solutions of all the 
Propositions and esercises, but at the same time treats of and 
requiies ptactice in the Piactical and Graphical methods of solutions 
also Consequently students feel great inconvenience in piepanng 
their daily lessons in Geometry^ foi they have not been so long 
accustomed to do such n oi k 

The students of the seveial classes lepeatcdly asked' the author 
to prepaie nioie elaboiato and suggestive solutions with figures to. 
help them in their daily vv ork, foi solutions printed up to date by 
difierent persons are onl}' hints for teacheis and without any figuie 
hence, these solutions together with figuies are prepaied foi the 
students in older to explain them the method of diawiug figures 
and solving exeicises at home. 

The answers to the Piactical exercises are derived from actual 
measurement and calculation and are theiefoie neaily coriect As 
it IS impossible either to measure or to diaw a figure accurately 
w'lth the help of an ordinal y set of instruments, the lesults and 
answeis obtained are theiefoie appioximate 

As the pi oof sheets were not sent by the- pi ess while the book, 
was printing foi coirections , gieat many mistakes and omissions 
have ciept in, but to lemedy this defect a sepeiate list of eirata is 
annexed heiewith In the second edition all attempts will be made 
to leinove all these defects and to add more convincing and cleai 
pioof for some of the exercises not treated more elaboiately in the 
present one. 

The author’s thanks are due to Pandit Sli3'amlal and Sons of 
Agra w ho undertook the duty of publishing these solutions merely 
for the help of the students preparing foi the several public 
Examinations who are unable to buy most costly publications 

The author. 
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Theor. 1, 2 

1 OP a st line revoh es round the point 0 in another 
line AB In the beginning OP has its position as OB, and 
revolution makes £s of different magnitude. 

2 Construction is the same as given above. 




SOLUTIONS OF EXERCISES 

IN 

HALL AHO STEVEHS' SCHOOL GEOMETRY. 

I. 

PAGE 13. 

(ThEOR. 1 AXD 2. ) 

No. of Exercise 
1 

Prop. No 1. Prop. No 2. Prop. No 3*. 

rt L = f of rt. L. =» 45 y of rt L. — 4 of 90* Sup L of 46 
Sup. Lo*f 45* = 135* =120 =180-46 = 134* 

Sup. L of 120 = 60* 

Prop No 4. Prop No 5 Piop No 6 

Sup L of 149* = 31* Sup L of 83 = 97* Sup L of 101* - 16' 

= 78* -45'. 

2 . 

Pi op. No 7. Prop. No 8. 

I of rfc L = § >' 90" = 36* Comp. L of 27* = 63* 

Comp. L. of 36* = 90 - 36 = 0 i* 

Prop No. 9, Prop. No. 10 

Comp L of 38* - 1G'= 51* - 44'. Comp. L of 41* - 29' - 30" 

= 48" -30' -30" 

No, of Exercise. 

Pi op No. II, 

3. St, lines AB and CD intersect each other at 0 , the L.COB 
is a rt. L_. 

As the L_ s AOC, and COB = 2 rt. L.S [Tlico. I ] , ^ 

But 1_ COB IS a rt L. [Hyp.] j 

.‘.LAOO IS also a rt, L. . i • 



( » ) 

Since CD is a st line / Ls COA and AOD, and also the 
L,s COB and BOD are 2 rt Ls. [Theo. I.] 

But each of Ls AOC and COB is a rt L 

i' 

".The supplement of the L^O-^i * LAOD = rt L. 

Similarly the supplement of the angle COB, t e , the LBOD^a 
rt L 

Each of Ls AOC, COB, BOD and AOD is a rt L 
Prop No 12. 

4. The LABC is«=LACB BC is produced both ways to 
D and E. The L ABE shall be = to L ACD 

Since the L ABE is supplement to the L ABC , and the L 
ACD 18 the supplement to the L ACB and the L ABC = L ACB. 
[Hyp] 

.".The LABE =L ACD for they are supplemental y to equal 
angles 

5. The sides AB and BC m the figure given above are 
produced to F and G 

The LCBF is supplementary to LABC and the LBCG is sup- 
plimentary to the LACB, and LABC«= LACB. 

the LCBF »= LBCG, for they are supplementaiy to equal Ls 
Prop No. 13. 

6. Since the Ls. AOB, BOO are«=to 2 rt Ls 

‘ OX bisects the LAOB . AOX=»BOX. 

Similarly BOY » COY 

LX0Y = L8 coy + laox 

But the Ls COY, YOB, BOX, XOA are equal to twice the 
angles YOB + BOX = 2 rt. angles . LYOX (t e , LYOB + BOX) « 
I'rt. L. 

7. It has been proved in the above figure that the LYOX-» 
one rt. L* ' 

^ ".The remaining Ls COY and AOX are together equal to one 
*t, Li consequently the Ls* TTOO and AOX are complimentary. 



(' 3 ), 

8i Since sfc. line niakes with st. line CA two alternate L-S 
COX and AOX which are equal to two rt L.s [Theo I ] 

LlS cox and AOX aie supplementary to each other. JBufc 
the LA0X = LB0X [Cons — ] 

/ L.COX IS supplimentary to L-BOX. 

In tlie same manner it can be proved that L.S AOY and BOY 
fere also supplementary. 

9 In the figure to exercise 6 the angle AOBi= 3D". The L.AOB 
is bisected by OX L AOX = BOX =17^°. 

But the L_lS AOX and COY have been proved in the previous 
exercise to be complimentary to each other. 

LCOY=^rt. L“LAOX=^90"-17i" = 72*-30\ 
oi Ls COB + LBO A = 2 rt Ls. 
and COB = 180"-UBOA=1SO-35 = 145. 

COY = J of COB = 72" - 30’ 


BABT I. 

Bage 15 

{TJieor $ or EucUd I 15%) 

Plop No 14. 

No of "fixer else. 

1. The minute hand OA of a clock completes one revolution 
round the dial in CO minu'tes , and at the same time st line 0 A 
revohiBS round 0 and thus by completing one revolution it turns 
through foui rt. L.s = 360" .‘.in one minute the minute hand turns 
■\*sr— ® degiees. 

{%) in 6 minutes it turns 5 x 6 = 30 degrees 

(ti) in 21 minutes it moves 6 x 21 = 126 degrees 

(Ut) in 43 5 minutes moves 43‘6 x 6 = 261 degiees 

(iv) in 14 minutes 10 sec moves 14^ x 6 = ^5 degrees 

(t,) The minute hand will take -V-* = ll nnuutes to cover 66) 
degrees 

(vi) It will take = 37 minutes to turn through 222 degrees. 

2. ( -i ) at l2 o’clock both the hands ate exactly at Xll j but Vhile * 
the minute hand completes one levolution the hour hand 
moves from XII. to L t, c. only 5 pai cs ouj; of 60 i and 



(‘ 4 ) 

thus hour hand makes nn angle of 30'* in one Iiour and 
theiefoie ifc makes an L- of 112J® in 3 hours 45 raiuutes« 
X%i) in 5 hoars 10 minutes it makes an L. of 210** 

(ill) The hour hand passes through 172J" in houis 

45 minutes 

3 The earth revolves 360 degrees in 24 hours oi ^^“- = 10° in 
one hour It will turn m 3 hours 20 minutes = 3|§ oi hours, 
about Af-x 15 = 60 degiecs and it will pass thiougli 130“ in -xV’-“ 
8 hours 40 minutes 


Pi op No, 15. 

4 (i) TheL A0C = 35“ 

L.COB = 180“ - 35“ = 146“, t e , the L_ COB is supplementary 
to L AOC. 

The L BOD is vertically opposite to L_ AOC and = to 35“ 

Tlie 1_ DOA being veitically opposite to 1_ BOO is equal 
to 146“ 

(ii) all the L_s at 0 taken togetlier aio equal to 4 rt Ls 
But the two angles COB and AOD are equal to 250* , 
the remaining L_s AOC and BOD = 360* - 250" = 110“ 
As the L.COA = L_BOD each of the L_s CO A and 
bod = 34 a or 55" 

(ttt) all the four Ls at O = 4 rt Ls 01 360" the L AOD = 
360“ -274" = 86" and the L COB = L AOD LCOB = 
86* But the Ls AOO + COB + BOD = 274" (hj p ) the 
angles AOC + BOD = 4 Ls at O - (Ls COB + AOD ) 

= 360’ - 2 X 86 
=-360“ -172“ 

= 188“ 

ButLAOC = LBOD each of the Ls AOC and BOD = 94* 
Prop No 16 

6 AB 18 the given st line , 00 and OD two st. linos coming 
from opposite directions meet in AB at 0, and make LCOB = L AOD, 
then OD and 00 shall be in one st line, LAOD = LCOB [hyp.) 
add LAOC to each 

. Ls A0D + A00 = L8 COB + COA. 



( 5 ) 

ButtheL-sC0B + A0C=2 rt Ls [Theo 1.] 
the \_<i AOD + AOC=2 it Ls 

,*. OC and OP aie in the same st line [Theo 2 ] 

Prop 2so. 17. 

6 As OX bisects the LBOD. . LBOX= LPOX OX is pro- 
duced to Y, and the LBOX=s veitieal opposite LAOY, and the 
LPOX=theLCOY .theUAOY= the LCOY Hense the 
LAOC is bisected bj the st line XY 

Prop Xo 18 

7. In the* figure as gncn .above . The st line OX bisects the 
LBOD, and OY bisects the LAOC . the LBOX LPOX and the 
LA0Y=LC0Y But the Ls AOC, BOD aic = £orthe 3 ’are verti- 
cal opposite Ls /. their hah es are equal, i e, LBOX = LsAOY 
and DOX= LCOY. As DC is one st line and the Ls DOX, XODj 
and COB are together— 2 rt Ls But LPOX h.as been proied 
to be = LCOY [Theo 1] /. the Ls XOB, BOC, COy = 2 rt Ls. 
consequently, the lines OX and OY aie in the same line [Theo 2 ] 

Prop Xo. 19 

8 As OX is the bisector of the LAOB. . LAOX = LBOX 
Xo\i folding the figure alioufc OX, the st line OB will fall on OA 
for the LBOX =sLAOX.*.OA and OB must coincide 

(i) If thcLAOXboLBOX then OA will fall beyond OB 
asOA' 

(tt) In case the LAOX be less than the L BOX, OA will fall 
within the LBOX as O-V." 

Prop Ko 20 

9. As the LBOC* LBOD and the L VOC= L AOD Xow 
by folding the figure about AB, the line OD must coincide with the 
line OC, since the L AOD is a rt L and =s LAOC a rt L and 
LBOD=»LBOC, for the equal angles occupy equal space. 

Prop. Xo 21. 

10 As the L made by a st line is equal to 2 rt Ls. 

• the L at 0 in AB = 2 rt Ls, nou by folding the st. line AB 
about 0 and making the st line OB fall on OA, the crease made by 
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the {old and left on the paper as marked OX in the figure will bisect 
the L. AOB, t ^ , 2 rt L.s , the ciease OX will make an l_ of 
80* with OA and OB, e , OX will be perp to AB 

PART I 
Paoe 19 
Theor 4 

^0 of Exercise. 

. 1 Let ABC be an isos ^ of which side AB =9 side AC, and 
BO the base AD bisects the vertical 1_BAC. 

Prop No. 22 

Now in two A8 BAD and CAD, AB^AO, and AD is common, 
and the included L- BAD =9 included LOAD BD = CD [Theo. 4] 

(ti) and the As are=9m all respects. the L-ADB^LADO 
and they are adjacent l_s 

\ each of them is a rt L., and consequently AD is pei-pendicu- 
lar to BC. 

Therefore the bisector of the vertical L BAC of the isos. A ABC 
bisects the base BC at rt L.s, ^ « , BD = DO & AD is perpendicular 
to BC, 

2 Pi op No 23i 

Let 0 be the middle point of AB and OC perpendicular to AB 
A point P IS taken in 00 If stiaight lines PA Ss PB be drawn, 
PA shall be equal to PB 

In the two As PAO & PBO, the side 0A=9 the side OB, and PO 
common to both and the included L AOP = the included L BOP 
, , both the As are equal in all respects and the base AP = the base 
BP. 

Prop No 24 

3 Suppose ABCD is a square of which side AB BC « CD = DA 
and the L-S ABC, BCD, CDA, & DAB all rt Ls Then the diago- 
nal AC shall be = BD Now in two As ABO & DCB, the side AB 
« DO, and BC is common, and the included L. ABC a rt. L => the 
Included L>DCB also a rt l_ 

..the A ABC =s the A DCB in all respects tl^heo 4 1 

.. AC-DB. 
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Prop No 2.') 

4 Let ABCD be a sqiiaie L, M, and N middle poiuts in AB, 
BC and CD respectii ely 

(t) Join LM and MN Then LSI shall be equal to MN Now 
taking the two LBM and NCM, LB half of AB=NC 
half of DC, and BSI = MC because M bisects BC 
sides LB and BSd — sides NC and SIC, and the included 
angle LBSI=the included angle NCJI. . the base LM 
*=SrN [Theo 4] 

(ti) Join AM and DM In the two As ABM and DCM, AB = 
DC, and BSr = CSI, and the angle ABSI = l_DCM.'.two 
As ABSI and DCM aie equal, and the base AM =DM. 
(m) Join AM and AN. In tw’o As ABM and ADN, AB = AD 
being Bides of a and BM = DN being halves of equal 
sides BC and DC and the L B = LD the A ABM 
= thoAADN . the base AM e= AN. [Theo 4] 

(in) Join BN and DM. In tw’o As BCN and DCM, BC=»DC, 
and CN = CM, and the L C being common 

tlio As BCN and DCM are equal and the base BN 
«=DM [Theo 4] 

Prop No. 26 

5 Let ABC be an isosc A of which AB = AC From AB 
and AC, AX and AY equal parts are respectively cut off from AB 
and AC Join BY and CX Then BY shall be = CX. In the two 
As ABY and ACX the two side*. AB and AY are respectively « 
two Sides AC and CX, and the L. at A is common to two As 
. . the bose BY = CX [Theor. 4 ] 


PART I. 
Page 21. 

( Theor 6 ) 


■KT . « ^0* 27. 

* No, of Exercise. 

1. The 'figure ABOD is four-sided, its side AB « BO 
and BD is its diagonal. 


0D*DA 



(i) In the AABD, sides AB nnd AD are equal [hyp], ‘.the 
' l_8 ABD and ADB at the base BD are equal [Theor 0 ] 

(tt) Similarly BC = CD (hyp) and the LCBD = LODB [Tlieo. 5]. 

(w) In (i) part of this exexoise it is proved that LABDi® 
l_ ADB, and in (ii) part it is shown that LCBD «=* LCDB. 

..The whole LABC = whole LCDA 
Prop No 28 

2. ABC IS an isoso the angles ABC and ACB at the 
base BC are equal Similarly in the isosc /^DBO, the Ls- DBO 

and DCB at the base BC aie equal, the whole I ABD => the w.hole 

LACD 

Prop. No 29 , 

3. Two isoso, As ABC and DBC are on the same base BC 
aqd on the same side of it. In tlie A ABC the Ls ABC and ACB 
are equal [Theor 5] 

And similarly in the A^^SC, the La DBC and DCB are equal. 
[Theor 5.] 

Now from the equal Ls DBO and DCB take away the equal 
La. ABO and ACB lespeotively the remaining LABD=* 
remaining LACD. 

, Pi op No 30. 

t 

4. AB and AC equal sides of an isosc Ai bisected at L 
and N respectively, and the base BC is bisected at M 

..AL=LB, AN=NCnnd BM = CM: 

(v) In "the two As LBJVE and NOM, the sides LB nnd BM of 
the one = the sides NO and CM of the other respectively, 
and included L LBM=*L NCM because they aio La at 
the base of an isosc A [Theoi , 6 ] 

,* the base LM = the base MN [Theor 4 ] 

(ti) Join BN and CL , 

Now there are two As LCB and JiTBC of which the two- 
sides LB and BC = NC and CB and the included LLBC 
" , ^“LNCB and the ADBC = ANOB in all respects. 

LCcBN. [Theor. 4] 
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(ill) Now because A.B = AC (Ijyp), and they are bisected at L 
and N lespectively in the AALN, the side AL=AN. 

Hence the I AXiN=l ANL. 

Again because LM has been proved = MN * LMLN 
L^INL [Thcor 5 ] 

Hence the whole L.ALM = whole L.ANL. 

PART T. 

Page 2G 
(Theor 4 & 7) 

Piop No 31. 

No of Eveicjse 

1 Let ABC be nu isosc A aJ'ti the middle point of the 
base BC. Join AD. 

Then (t) AD shall bisect the angle BAC, (li) AD shall be perpen- 
diculai to the base BC. 

(t) III the two ^s ABD and ACD, the side AB = AC because 
they aie the sides of an isoso A . 

AD is common to both, and the base BD = CD for the 
point D bisects the base BC. 
the \ertical t_BADs=ieitical 1_CAD 
% e , the t_BAC is bisected by AD [Tlieo 7 J 
(it) The two tiiangles ABD and ACD being equal in all respects^ 
the L. ADB = angle ADC bub these are the adjacent angles. 
- the angles ADB and ADC are rt. angles, 
t. e , AD is perpendicular to BO. 

Pi op No. 32. ; 

2 ABCD is an equilateral four-sided figure, and AC is its 
diagonal 

Since AB = AD, and BO= DC and the base AO is common.*. 
theAABC= ^ADC in all lespects, t. e., (a) the angle ABC= angle 
ADO and the angle BAC s= angle DAC, and angle BCA<= angle DCA 
(It).* the whole angle BAD = whole angle DCB. 

Prop No 33. 

3 ABCD is a four-sided figure of which opposite sides are 
equal, namely AB =* DC and AD = BQ, join AO. 
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Then in the two ABC and ADO, two sides AB and BC *■ 
two Bides CD and AD each to each, and the base AO is common 
/ the ^ABO»= AADC in all respects [Theor. 7.] and. .the L.ABO 
= CDA. 

4, This exercise lias already been proved in exercises No. 2 and 
S under Theorem 5 or tins can bo proved tlius. 

Prop No. 34. 

(t) In the first case both the isosc, ^s are on the same base and 
on the same side of tiie base BO, (%%) second cose boUi 
As ABC and DBG are on the opposite side of BO. 

Prop No 36 

(ix) In both these cases join AD Then because in the two As 

ABD and AOD, the two sides AB and BD in the one 
are equal to two sides AC and OD in the other and AD 
IS common to both . .the two As ABD and AOD aro 
equal in nil respects [Theor, 7 ] .the angle ABD wangle 
AOD. 

6 The figure for this exercise is the same as that of the (xt) 
case of the last preceding exercise In the two A® BAD and 
CAD, BA««CA, and AD is common, and the third side BD of the 
one » the third side CD of the other the angle BAD = angle CAD, 
X e , the angle BAG is divided into two equal paita by AD. 

__ Similarly the angle BDA = angle CDA, x. fl,the ongle BDCis 
-bisected by AD 

6. Tliis exorcise has already been solved in (xx) case of the 
exercise No 4 under Theoiem 6 

Piop No. 36 

7. ABO is an isosc. Ai D and E are the tvv o points in the base 
BO, equidistant from B and 0, x e , BD « OE Join AD and AE 

In the two As ABD and ACE, the two sides AB and BD 
« two sides AO and OE, m 1 the angle ABD = angle ACE. [Theor 6 ] 

the base AD = the base AB. [Theoi . 4 ] 
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Plop No 37* 

8 ABC is an equilateial A. and D, N, 1? are the middle poinfa 
of the sides AB. BO, and AC respectively Join DB, DB and EB. 
as AB = BCc= AC, and points D, B and B bisect them /. AD = DB =t 
BE=«EC*=BO = AB Now in the three tiiangles DAB, DBE and 
ECB two sides of the one = two sides of the othei , namely, AD and 
AB=*DB and BE=*EC and CB, and the included Ls A, B, and 0 
ai e equal [Coi . 2, Theoi 5 ] 

The bases of the three As DAB, DBE and ECB are equal 
[Theoi 4 ] namely DB = DE = EB. 

. . the A DEB is equilateial. 

Prop No 38 

9 The angles ABC ACB and at the base BC of an isosc A 
ABC aie bisected by BO and CO lespectively. 

(t) The angle OBC= angle OCB because each of them is half of 

the angles at the base of the isosc A, . the side BO = side 
OC [Them 6] 

(u) Join AO In the two A^ DAO and CAO, the two sides 

BA and AO of one = two sides CA and AC of the other, 
and the base BO = OC, .the angle BAO = angle CAO 
[Them 7] 

Pi op No 39. 

10. ABCD IS a rhombus, AC and BD are its diagonals inter- 
secting each othei at E In the As BAC and DAC, BA and AO 
»DAandAC, and the base BC = baseCD, /.angle BAC wangle 
DAC 

Now in the As BAE and DAE, BA=5DA, and AE common 
to both, and the angle BAE = angle D AE» the base BE => base DE, 
and the angle AEB= angle AED, but these angles aie adjacent, 
/. each of them is a it. angle. 

Similarly taking As ABE and CBE it can be proved that. AE=* 
EC, and that each of the angles AEB and CEB is a rt angle 

/.the diagonals of a rhombus bisect each other at it, angle. 
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Pi op No 40i 

, 11. In the As and CEA, the two sides BA and 

OA and AE respectively, and the angles B AF = angles CAE for they 
are vertical opposite angles ' the ABFA=^ ACBA in all respects 
[Theor, i ] ' base BF «=base OE. 


PART L 
Page 27. 

Ezlercises on Triangles* 

Piop No 41 

No of Exercise 

1 Make a line AB 2^ With the centre A and at a distance 
■■21'' diaw an arc, and fiom the centre B at a distances 1 3" diaw 
anothei arc catting former at C, join AO and BC, / ABC is the 

repaired A« 

With the help of the protractor measure the angle A which « 37% 
and the angle B = 77% the third angle Cs»66* Tlie sum of tluee 
angles =37 +77 + 66 = 180® 

2 In the figure ABC, rt=75cm, b = 7cm, and c = 6'5cm 
From the point B diaw a perpendiculai BD on AC and measure out 
BD with the help of a cm scale which in this cose *■ 6 cm. 

Prop No 42 

3 Diaw a line AC «= 6 =# 7 cm at the point C in AC make an an- 
gle « 65® with the help of a protractor, and from the second arm OB 
cut oS a part 7 cm and join it with Aj then ACB is the lequircd 
A of w hich side AC = 6 cm, CB = 7 cm, and included angle ACB 
= 65“ 

When the two As have the above data they are equal m all 
respects, occoiding to theor 4 and they are said to be alike in size 
and shape 

To prove the result by experiment, draw two triangles of the 
same ports, and cut out the one and apply it to the other so that 
equal sides of the one co\er the corresponding sides of the other and 
the equal angle the equal angle , then the two A^ will be congruent 
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Pjop. No 43. 

4 Describe ibe tricuigle in the mannci e\plnine<l .ibo\e 

“With the help of the vS.inio sc.ile nnd protiftctor inea«5me side BC, 
mid the angles B, and C BC = 2 2", angle B=«49', angle C = 74’. 

The tiiangle-diawn ^\lth the data just found namely angles B and 
C, and side BC, and it will be equal to the foiinci in all lespects. 

Pi op No 44. 

5 In the accompanjing ilgute AB is the heiglit of the vindowr 
•=35 feet aboie the giound, the foot C of the ladder AC is 12 ft. 
fiom the ^^all, t c, BC= 13 ft and the angle at B is it angle. The 
figuie IS d 1 a^vn with the help of a scale, I'm =10' ft 

Bj' measuiing the ladder AC s\ith the help of the same scalp, 

It IS found to bo 3 7" of the scale oi 37 ft 

« 

Pi op No 45 

Piojj No 46 

6. I stait fiom A and go Noith to N a distance = 99 mottos, 
and fiom N turn East 20 inctrcs to E In plotting the couise a 
scale 1 cm = 10 nieties is used 

The angle at N = a rt anglo. 

Join EA. 

By uie.isuiing EA with the abo^e scale, EA is found 10 2 cm, 
nearly, ‘ the distance between E and A is neaily 102 metres. 

Pi op. No 47 

7 Tlie obser\ei is C, AC is the bori/on, AD is the direction of 
sun’s rays AB the height of the pole, AC shadow of the pole, 
angle ACB is the elevation of the sun above the horizon = 42*. 
angle A = rt angle 

anglo 6 = 48’ 

By ineasuung AB with the help of the same scale (1"« 10 ft ) it 
IS found = 2 7" or 27' foot 

Prop. No 48 

8 Tins figuie shows the couise the suivej’or took The distance 
AD was found by measuicmout w‘ith scale to be 4;33 inches or 425 



ft Tlie angle DA.B= 135’, and point D beais fiom A 135* -90* 
t= 45* the bearing of the point D is 45 towards west, t c , due 
N \V 

Pi op Iso 49 

9 In the figure B and C are the points on the shore S is a ship. 
Tiie beaiing of S fiom B is angle CBS = 33“ and fioni C is angle 

BCS = 81’ 

Complete the ^ by joining BS and CS On measurement BS = 
2 S" inches on the scale oi 280 jds and CS = 1 61" or 161 jds Prom 
S draw SA peipendiculai to BC, then SA is the shoitest line fiom 
S to BC which when measured is found 1 6" in the scale or 160 
yds on the ground 

Piop No 50 

10 Fiom the accompanying plan diaw in scale 1"=100 ft, 

AB = 2 2" oi 220 ft. 


PART I 
P\CE 29 
Tlipo) S 

Piop No 51 

No of Exercise 

1 A BC IS a anj tw o angles of it ■= less than 2 rt angles. 
Take a point D in BC Join AD 

The ext angle ADC > the inter angle ABC, again the ext. 
angle ADB > the int angle ACD [Theoi 4 ] 

The angles ADC + ADB > the angles ABC + ACB But the 
angles ADC + ADB = 2 it angles [Them l] 

. the angles ABC + ACB < 2 rt angles 
Prop No 52 

2. (?) Prmluce BD to meet AC at E 

The ext angle BEC ib > the int angle BAE [Theor 8 ] 
' Again the ext angle BDC is > the lut angle DEO 

[Them 8] 
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much more the iiiigle BDO is > the ungle BAC. 

(ii) Join AD, nnd pioduco it to F 

Then hecaubo in the A ADB, the exfc. nngJo BDF is > 
the int. angle BAD. [Theor. 8.] 

Again in the A ADC, the ext. angle CDF is > the 

int angle CAD. [Theor 1.] 

the whole angle BDC is > the ^ihole angle BAC 

Pi op No 53. 

3. The side BC of a A A.BC be pioduced both wajs to D and E 
the ext. angles ACD and ABE uio > two rfc angles. 

The ext angle ACD and the int angle ACB aie«=two rt. angles. 

Similaily ext angle ABE + int angle ABC = two rt angles. 

But the two int. angles ABC nnd ACB are <2 it angle**, 

..the ext. angles ACD nnd ABE aio>t*io I’t. angles. 

Pi op. No. fit. 

4 A is a point outside the lino BC Take an}' point 0 on 
the other side of BC Fioin the ccntie A at the distance AO, 
dcsctibo an arc cutting BC at D nnd E. Join AD nnd AE. AD 
and AE are the only tw’O equal St. linos that can bo diawn fiom 
A to BC. 

If possible dtaw' another st. lino AP equal to AD or AE. 
Then AD = AE 

The angle ADE=anglo AED [Theor. D ] 

But AP = AE, .*. angle APE = AEP [Theor. 5 J 

But the angle AEP = ADE. the angle APE is also => the 
angle ADE. 

But the angle APE is the ext angle of the AADP the ext. 
angle APE » the int. angle ADE which is absurd. [Theor. 8.] 

There cannot bo drawn more than tw o equal st, lines from 
a given point outside a given lino to it. 

Pi op. No 55. 

• » 

. 6. Tlio two equal sides AB and AO of an isosc. ^ ABO are 

produced to D and E. 
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The exi angles CBD and BCE must be obtuse 
The uit angle ABC togeihei with the adjacent ext angle CBD 
two rt angles 

Similaily the angles ACB and BCE « two it angles 
But both the inteuor angles ABC and ACB aie < two rt. 
angles tlie ext angles CBD and BCE nre> two it angles 
As the int angles ABC and ACB aic equal, the angles CBD 
and BCE aie equal, and hence each of the angles BCE and CBD 
IS gi eater tlian one rt angle, a e , is obtuse 


P\RT I 
Page 34 
{Theoy 9—22) 

Prop No 66 

1 ABC is a rt angled the angle C being a rt angle AB 
IS the hypotenuse whiali is the gieatest side 

Since the angle ACB = a it angle, the angles ABC and BAG 
aie also = one it angle , each of the angles ABC and BAG is < a 
it anglo / 

the angle ACB is > each of the angles ABC and BAG 
But greater angle is subtended by the greater side . AB is > 
eithei of the sides AC and BO 

Pi op No 57 

2 The side BC of the A ABC is the greatest, % e , BC is 
gi eater than either of the two sides AB and AC 

Bub by Theor 9 the angle opposite to the greater side is greater 
than the angle opposite to the less the angle BAC opposite to the 
* greatest side BC is greatest of the remaining angles ABC and ACB 
which aie opposite to the smallei sides AB and AC, and these angles 
ABC and ACB are adjacent to BC the greatest side 

• BC the greatest side of the A ABC makes acute angles ABO 
and ACB with the smaller sides AB and AC of the A ABO 

/ 3 Take the figure given m exeicise 2. (t) under Theor 8, 
page 29. , 




In the A ABE, the two'sides BA and AE are > the side BE 
[Theor. 11 ] Add EC. ' 

AB+AE+EC su^ together > BE + EC, c., BA + AC>BE 

+ EC 

Again an the A BEC, the sides BE and EC are 'BC [Theor. 
17 ] Add BB 

'.EC + ED + BB are together > CB + BB, i c,, BE + EO > 
BB + BC 

But BA + AC has been proved > BE + EC. 

1^1 uch more BA + AC > BD -f BC. 


Prop Ko 58. 

4. In the A ACD, the ex.t angle ACB is >theint angle' 
ABC [Theor. 8 ] 

But the angle ACB = the angle ABC, being eq[ual sides of an 
isosc A 

• the angle ABC is > the angle ABC. 

But greater angle IS subtended by the greater >sido, .‘.ABis 
> AB. [Theor 10 ] 

ButAB=AC. ■' f 

AB IS > either of AB or AC. ' t ' ' 


Prop No' 59. ' ' ’ ' i 

6. Let ABCB be the quadrilateral figure of which AB is the 
least side and BC the greatest Each of the angles BAB;and CD A ' 
shall be greater than their opposite angles, namely BCB and ABC 
respectively ) ' ' h 

Join AC. I , , 

Then because DC > AB,^ the angle BAG opposite to the 
greater side BC is > the angle BCA opposite, to the least side AD. 
[Theor 9] ' ' ' ' 

Again in the A ABC, BC > AB, the angle Ba 6 is > the 
aKgUBOA. [Theor 9] , , ,,,, 

. But the angle 'DAG^has been proved > 'the .angle ^ DCA.'^ 
the whole angle DAB is greater -than the-,wh9le^angle/DCB., , s. 

Similarly by jopnng DBfit cart be proVed . tliat thVa'Aglef A'BOis 
> the angle ABC. '7a 1 1, 
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Prop. No. 60. 

6. In theAA.B0, if AC ia not> AB, it must bo either ■ AB or 
angle AB. 

Prom A draw AB meeting BC at B. 

AB shoU be < AB. 

If AO AB. The angle AOB » the angle ABO. 
i But the angle ABB is > the angle ACD.’.the angle ABB > the 
angle ABB. 

The greater angle has the greater aide opposite to it. AB> AB. 
(Theor. 9.) 

Again if AO ia <: AB. Then the angle AOB is > the angle 
,ABO. 

But the angle ABB ia>the angle ACB. 

Much more the angle ABB is > the angle ABO. 

.'.the aide AB ia>the aide AB. 

Prop. No. 01. 

T. If the side AB is > the side AO, the angle ACB is > the 
angle ABC. 

But the angle ABC ia Idaooted by BO, the angle OBC is half 
of the angle ABO. 

In the same manner the angle OOB is half of the angle ACB. 

.'.the angle OOB iB> the angle OBC, and the side BO is > the 
aide 00. (Theor. 6.) 

Prop. No. 63. 

8. In the^ABO, the difference of AB and AO ia less than BO. 

(i) I£ AB«AC, their dififerenoe ia«0 which is less than BO, 
Prop. No. 63, 

(ti) If AB IB > AO, out oft AB » AO, and join BC, Produce 
AO to B. 

Prop. No. 64. 

The L. ABO -the L AOB. 

V.thesuppl. LBBO«the suppl. L. BOB [Cor. 3, Theor. 1 ] 

But the L, BOB is > the L BOB. 

, , the L. BBC is > the L. BOB, and hence the side BC is > 
the side BB ^vhich the difference of AB and AC, 
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(ill) If AB is < AC, from AC cut of AD = AB, job BD, pro- 
duce AB to £ 

By the same method of reaeoning it can be proved that the L. 
BDC is > the L CBB, and /, the side BG is > the side BC, the 
difierence between AC and AB. 

Prop. No. 6D. 

9. 0 IS a point in the A ABO. Join OA, OB, and OC. Then 
0 A + OB + OC shall be greater than half the perimeter of the A ABC. 

OA + OBis >AB, OB + OC is >BC, andOA + OCis > AC. 
Then the sum of these, i e , twice OA + OB + OC> the sum of AB, 
BC, and AC, i. c., the perimeter of ABC. 

.*. the sum of OA, OB and OC is > half the perimeter of the 
A ABC. 

Prop. No. 66. 

10. ABCD is a four-sided figure, its perimeter Is greater than 
the sum of the diagonals. Join AC. 

The two sides AB, BC are >AC, and the two sides CD, DA 
are also > AC • *. the sum of the four sides is > twice the diagonal AC. 

Similarly by joining BD, it can be proved that the sum of the 
four sides is > twice the diagonal BD. 

.‘.Twice the sum of the four sides is > twice the sum of tho 
diagonals AC and BD. 

.*. the perimeter of the quadrilateral figure is > the sum of 
the diagonals. 

Prop. No. 67. 

11. Produce AX to Y. 

Then because the ext. angle BXY is > the bt angle BAX. 
(Theor. 8 ] 

But the angle BXY wangle AXC. [Theor. 3.] 

. .the angle AXC is > the angle BAX or CAX, for the angle 
BAX ^ the angle CAX. 

. the side AC is > the side XC. 

Similarly the angle AXB is > the angle BAX. 

.*. AB IS > BX. 

Hence the sum of the two sides AB and AC is > the sum of 
BX and XC, i, e,, BC the tbrd side. 
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ThU is the altera Ate method o£ proving the Theorem II, vrithont 

prodaciag the side BA- 

„ Prop 2so- 6S. 

12. 0 is a point vathin the A ABC, join OA. OB and OC 

The sum o: OA, OB and OC shall be less than the perimeter. 

By the application o£ Exercise 3 under this head it can be 
proved that BA + AC > BO— OC, AB>«-BC>OCtOA, and AC 
BC>O.A-OB- 

.'.Tvrice the stan o£ BA. BC and AC is > tvrice the sum of OA, 
OB and OC 

A AB -r BC -f AC > O A 0 B - OC 

Prop 2 no 69. 

13 AC and BD r re the diagonals of a qnadnlateral ABCD, 
and O is a point in it. 

- Join OA, OB, OC, and OD 

Then OA-OB-OC-OD> AC-s* AD 

Beeaoss in the A EDO the two sides BO and OD are > BD 
flheor. 11 ] Similarly AO — OC are > AC 

/. the sum of OA, OB, OC, and OD is>the snm of AC and BD, 

The exception to the above is vhen the point O coincides tvith X 
the intersection of the two diagonals 

Prop 2so 70 

14. In the A ABC AD is the median from A to BC. 

The two sides BA and AC are > twice AD. 

Prodnee AD to E make DE= AD and join CE 

Tnen in the two As- ABD and CDE, the two sides AD and BD 
are = two sides DE and DC, respectively, and the included angle 
ADB=angle ODE. the angle ADC=. DEC. AB = CE Xowm 
the A AGE, the two sid^ AC and CE are together greater than AE, 
but CE«=AB and AD=DE .* AC and AB are > twice AD 

Prop No. 71. 

15 As proved in tbe last preceding Exercise 14, AB and AC 
are >: AD AB and BC are >2 BE and AC and BC are >2 CF 
\ Twice AB, BC and AC are > 2 AD, 2 BE and 2 CF ' 

AB-BCtAC > AD-BE-CF. 
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PART I. 

Page 41. 

' ^ Parallels. , 

{Tfieoi lJ—16,) - > 

1, In the figure of Thcoi. 15, tlie ext. nngle EGB*»65*j but the 
ouiglc EGB «= the angle GHD = the angle HKQ. •' «. 

each of tliese angles 1^=55* 

The angle QKF is the supplementary of HKQ 
. . nngle QKF = 180 — 55 = 1 25“. ' 

Prop. No. 72. 

2 AB, CD, and EF aie the st. lines perpendicular to ibe Bi, 
line GH 

Then AB, CD, and EF nie j) to oro another. 

The st line GH meets two st lines AB and CD^ and makes 
int angles BAG, ACD together=2 rt. angles foi each of them isa- 
tfc angle [Hyp ] 

.. AB IS II to CD [Theoi 13 ] 

111 the same manner CD is || to EF . AB is [( toEF. |TIieor. 15 J 
Hence AB, CD and EF aie jl to ono another. 

Piop No 7® 

3. The st line GH meets tluee || st. lines AB> CD and EF 
it IS perpendicultw to AB one of the || lines, then it is also perpcftd'i' 
cular to others AB is 1| to CD, and <iH nreets them tlien the 
ext. angle GXB^int anglo XYD [Theor. 14,} 

But the angle GXB=a rt angle, foi GH is perpenxIiciiTffrto A® 

,*. the angle GYD is also ait angle nmd GH is- perpendicular to 
CD -also 

Tn the same way it can also be pioved that GH is peJrpeiKJfeelar 
to EF also ‘ . ' 

Prop No 74. ' ’ r , 

4 ABC and DEP are two angles of which sido AB is f DB 
and BC H to EF. 

The angle ABC sliall be = or supplimentary, 

(i) Supposing tbe angles face towaids the same diiecfion as in (-i). 
Produce DE to X meeting BC at X » * • 

Now AB IS II DX, BC meets themt The ext. angle DXC= int. 
angle ABC [Tbeoi. 14 ] 
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( For the Burne reason angle OXC-aatigle DEE* / the angle ABC 

•• the angle DEF. 

Prop No 75 

(«) Suppose the angle ABC and the angle DEF oppose each 
other as in figure (u). 

Produce Bt> or BO to X meeting BC or ED if produced in X. 
AB 18 II to XB, and BO meets'them the alter angles ABO and 
BXE are equal (Tlieoi 14 ) 

Again BO is || *to FB, XB meets them, then the two int, angles 
BXE and BXP = 2 it. angles. [Theor 14] 

the angle XEF is supplementary to tlie angle BXE oi ABO* 

" Prop No 76 

5 In the two As AOO and BOD two sides CO and AO nrc*“ 
two sides DO and BO respectively [Hyp ] and the angle AOO = an- 
gle BOD^, . the A AOO = A BOD *, the angle CAO =» angle OBD 
and the'^angle AOO => DBO. But these angles are altr angles /. 
AC IS II to BD [Theor. 13.] 

t r>a Prop. No 77 

6. ABC IS an is^sc. Ai a at line DE is drawn || to the base 
BO, meettiUg AB and AO at D and B. 

Since DE is || to BO and AB and AO fall on them. Then the 
oxt angle ADE isototlieint opposite angle ABO, and the ext. 
angle AED i8>»the int. oppt angle ACB 

Prop No 78 

7 ABC is ati angle and BD its bisector From any point 0 
in BD, a st. line XOY is drawn |[ to BC, meeting AB at X. 

Then the A BXO is an isosceles A 

Since XY is )| to BC, and BD falls on them, the ext. angle DOY 
=» the int oppt, angle OBC. But the angle OBO =» angle ABO, for 
BD bisects lb. \ angle DOY = angle ABO But the angle DOY 
»= angle XOB. [Theor 3,] XB «=< OX. 

Plop No 79. 

8 The angle ABC = angle ACB and the angle YXB ^ angle 
ZXO of the As YBX and ZCX 

. the remaining angle BYX 18 = to the remaining angle CZX, 
But the angle BYX = angle AYZ [Theoi. 3 ] 

. theangleAYZ«dngleAZY, and hence AZ« AY, i.«., the 

A^AY 18 an isosceles, ^ 

fh) jdT) 7f> 1?^ frSn^.r /tt 
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Prop. No, 80. 

9, ABO i-J a A of side BA is produced to D, ond the 
8t. line AE bisects the ext. LOAD. If AElio H to BO and BD 
meets them, then the LABCe=»LDAE [Theor. 14,] 

Similarly AE is 1| to BO and A meets them the alternate L*. 
EAO and ACB are equal [Theo. 14 ] 

But L DAE « LD AO L ABC L ACB. Hence the A ABC 
is Isosceles 

10. ABO is an Li uod BD its bisector, O a point in BD, 
from 0 two || st. lines OX and OY are drawn (| to BO and AB 
respectively. Then the.figure XBYO shall be a rlmrabus. 

It has already been pVoi ed in Ex. 7. under this head that OX 
BX, and the LOBX « LXOB. 

On the same analogy it can also be proi ed that OY i» BY and 
theLOBY-LBOY. 

Prop. No. 81. * 

The whole L XOY «= L XBY. Now XY, then in the 
two As XBY ond XOY, the two sides X^i^nd BY ore respectively 
ta to two sides XO and OY, and the included L XBY » L XOY 
LBXY«LOXY, andLBYX«LOYX. Again BX is |1 to 
OY, BY meets them, the Ls. BYO ond XBY are«« two rt. Ls. 
In the same manner OXB and XBY are b two rt. Ls. 

From these take away common L XBY. 

the remainder OYB is »» OXB. 

But it has already been shewn that L OXY « L BXY, ond 
L BYXb L OYX.'.the st. line XY bisects the equal and opposite 
Lb BXO and BYO. 

the L BXY»L BYX, and hence side XB«YB. But 
XB»XO.-.XO«BY-BX = OY. Hence the figure XBYO is a 
rhombus. 

Prop. No. 82. 

11. The st. line DZ is the bisector of the L ODB and from -a 
point Z in DZ a at. line ZX is drawn parallel to AB XZoDX, 
as proved in Ex, 7. under this head. ■ 

In the same manner XY « XD XY » XZ. ~ - 
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Prop No 83 Prop No, 84 

r 12 PA makes 12 revolutions in aminute; t c , one i evolution in 
5 secondsi or in other words it moves 72" in one second 


QB makes 10 revolutions m a minute, t e, one xevolution in 6 
seconds 01 it moves only 60" in one second 

(i) When PA and QB point opposite wajs they are ISO*' apait 

* 1 80" * 

/. the fastest pivot is found 180" in adiance in _ — — « 
16 sec after then start from the same position 
, (it) These will take 6x6 seconds, the L C of the tune they 
take to makb one revolution, to point to wards the same di- 
lection PA 



Prop Ko 83 

t 1. ABC IS an equi A Every equi A is equiangular .ABC 
A 18 equiangular [Cor 2, Theo 6 ] 

All the tiiree L.s of a A aie = t'v\o rfc Ls or 180* 

, each of the angles of ABC=i|A=60° 

1 Piop No 86 

2. ABO 18 _a rt l_d laoso A» having a rt. l_ at B. Since in 
a rfc l_d A hypofcenuse is fche greafcesfc side 

.* the sides AB and BC are equal and they contain the rfc L_ B. 
As- the three 1_8 of a A are = two rt Ls So the Ls BAC 
and are = one rt Li for the L at B=one rt, L 
But the L BAG = L BOA [Theor 6 ] 

. , each of the Ls BAC and BCA = half a rt L oi 45* 

Pro^ No 87 

3 In the A ABC, the L ABC = 36* and the L ACB 123* 
,* the remaining third L BAC= 180* - (36* + 123°) = 21* 


Prop No. 88 

» '*'■‘5 ' . 

4 ABC js .a A of which the angle ABC = 111* and the angle 
ACB = 42* 

fche angle BAG *= 180* - (42* + lir)« 27*, ^ 
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Prop. No. 89. 

5 The angle ACB *= 180* - 134“ = 46* and the angle ABC*= 180 
-(42* + 46*)-92*, 

Prop No. 90. 

6 The angle ACD=180“-118“«62* and the L BAC*180* 
-(51“ + 62*)=-67" 

Pi op No 91. 

7 ABC IS a A» XAY is drawn || to BC. 

The L ABC « the angle XAB for they are the alternate L.8 
[Theoi . 14 ] 

Again the angle ACB angle YAC [Theor. 14 ] 

Add to these the L^BAC the three Ls' ABC, ACB and 
BAC=« three Ls XAB, YAC and BAC But all the three Ls at 
A=«two rt Ls 

* the thiee Ls of ABC *- two ri^ Ls 

Pi op No 92 

8. Let the pair of st lines AB and CD be perpendicular to an- 
other pair of sb lines SfE and GH respectively. Now pr^uoe BA and 
DC to meet at X, and J*E and GH to meet at cutting DO 

produced at Z The L BXZ shall be equal to the angle DYZ 
Now in the two the L XBZ =« L YDZ for they are rt. 
Ls; and the LXZB=ithe angle YZD. [Theor. 3.J 

‘ the remaining angle BXZ *= the remaining angle DYZ. 

(Many figures can be drawn to prove the above. The figure 
here drawn is one of them 

^ PABT I. 

Paob 44, Theor 16, Cor 1. 

Prop. No 93. 

(t) By ap plying the formula wD + 360 x 180, when in * No, 
of sid^^p^ as No of degrees in an angle. ^ > 

Tlien for hexagon 6D + 360 = 6 x 180 D = ~ ^^9 -= 720“ 

6 

in one angle 

° w ' f* > 

Prop. No. 94, 

(m) For octagon 8_Pf 36if= 8 x 18^s. 180--360 

^ 8 

one L* ' r , 
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Prop No. 95, 

({«) Nor ft decagon 10 D + 300 - 10 x 180 1) » - 144* In 

an L> 

4* P,^P0? X. 

Page 45, Thbor, 16. 

Prop No. 96. 

1. All the L_s. of the A ABC *» two rt. L.S ealSO* suppose 
I L- A*«(o, L'Bo2a!, and L_C=o30 *. A + B + O^aj + Sa+Su » Ca 
6»i»l80* ,* »«= 30*.*, angle A»30* angle B«»60* and L.O=0O*. 
Prop No. 97. 

I % (t) L. Ao-a, oftoh of B and C«=i2a. L.s. A + B + C*=6a, 5a« 

. 180*.*, a e» 36* ‘.L-AwSC* and each of the L-sB and 0 
»72*. 

(it) A+B + C»a+4a+4a«0a.*. 9a»180* a=20 L A«=220*, 

each of the L.s B and C«80*. 

, Prop No. 98 

I 3. The ext. t. ACD«126* A int. ad]. L ACB = 180-12e 
'.-64*. , 

Similarly L ABO- 180 - 94 - 86*. 

Lastly L BAG = 180 - 64 *- 86 - 40*. 

Prop No. 99. 

4. Let a- and y bo the L.s at the base BO. 

' .Then a+y— 162*, and a-y-60* add. .*. a— 111 and 

y — 51 

the remaining L BAG- 180* - 61* - 111* - 18*. 

Prop No. 100. ‘ 

6. L. ABC = 84* } L ACB - 62* 

' (t) L:‘BAO»180*-(84* + 62*) = 34* 

(%%) L BBC -42*. L bob -81* 

U BDC - 180 - (42 + 31) - 107* 

Prop. No. 101. 

6. ■'LOBE -180* -74* -106* LOBB-6S* 

^ Again, angle BOP- 180* - 62* - 118* L BOB - 59* 

Prop No. 102. * 

7. L BOB-JUi*, U ABO^60, L BAD-76^ 
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LsA + B+C=240’ 

But all the Ls of the figufe = 360* 

L D = 360^(2i0")-120'’ 

Propi No. 103. 

8. Let L.A=aK, L. B*=2 x, L. C = 3a5, L_ l'>=»4a5. 

a;+2a;+3a; + 4'B=»360* or I0a;=*360“ .*.a;=36* 

/. L A=36-, LB=72*, 

L. CHIOS’, L. I> = 144*. 

Prop. No. 104. 

9 In the accompanying five-sided figure angle B ** 40*, L.C =78* 
LD = 123“, LE=135* 

AlltheLs=5x 180-360 = 540“ 

Thegl\^n4 Ls = 375* L A=540*-376 = 165* 

Prop. No 105. 

10. According to the cor. [Theor. 16] 

(i) All the L.S of a figure of n sides +4 rt. L:s= twice as many 
rt. L.S as theie are sides. 

n L»s + 4 rt L_s=2» rt. L.S n L.s=»2n rt. Ls— 4 rt. L.® or 

, 2ji-4 . 2(71-2) 

one L.*= — - — rt. L.S or — — — rt Ls. 

'' («) In the figure vertex A is joined to each of the other L.s, ex- 
cept the two immediately adjacent to A, the whole figure is 
divided into as many ^s as there are sides minus two, t. e., 
{n - 2) ^s. 

The three angles of a A = 2 rt. angles. 

all the angles of (71 - 2) /^s= 2 rt. angles (n =• 2) As . 
or 2 (71 - 2) rt angles 

But there aie ti sides. 

.* one L = — ~ rt, L^s. 

n 

11. One L of a regular polygon = iV' 7 . ^ . rt. L.8, 

Therefore in (i) case 

jQg. _ 271 rt Ls-4i't Ls^ 

n - - 

or 10S»=2n X 90 - 360 
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108.r - 1 80« « - 360*, 72x = 360* 
n^5 The figure is 5 sided 


/ (u) 166*n = 180«-360*, 24n = 360* 

. ,nsl5. The figuie is 15 sided. 

Prop. No, 106 /t) (ti) (in) 

As all the angles at a point taken together are four rt I_8 , 
i e , 360* 

In order to know winch of the regular figures can be so fitted 
together round a point os to form a plane surface, the 4 rt L.s or 
360* be divided by the number of degrees contained in one angle of 
the figure In cose an l_ of a regular figure is contained an exact 
number of times in 4 rt L.s , that very figure can be so fitted os to 
form a plane surface 


(t) An L of equi A * 60* 

360 

, -g— ^6 if SIX equi A® so fitted as sho'^n lu figure (i) 
they form a plane surface 

360 

(n) So with a square whose one l_ — 90*, »= 4 four squares 

can be placed side by side as in figure (t f) to form a piano 
surface 

(iu) An L of a hexagon 120*. 

360 

——5=3 • Three hexagons can bo so arranged, as 

in figure (tti) 

For other regular figures this rule cannot be applied Suppose 


360 

octagons are so arranged OneLof anoctagon=> 135,,^— = 2 +. 

135 136 

1 e, after placing the Ls of two octagons there remains a gap 
between « 90*, and if 3 octagons are so placed they oi erlap 


90 
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Co} 2, Theor 16 

Ex 1 In the figuie to example (t) under Cor I, Theor 16 , 
produce DE to X As the 1_ DEF one of the Ls of a tegular 
hexagon^ 120*, and the tvio Ls DEF and FEX are = 180*. 
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the ext L « 1 80* - 120* » 60,“ t | of a 1 1 L Ltch 

is the value’ of an L of an eqm. A* 

2 Just in the manner gx\en above produce DE in the figures 
(m) and (ut) example to cor I, Theor. 16, then m the figure (tt) the 
»nt LDEF»l35" the ext L.FEX = J80’ - 13D*=»45", 

Figure (i«) the int. angle DEF«144*. ,, ^ 

the ext. L FBX « 180’ - U4* = 36*. 

3. As all the exteiioi L.s. of a regular polygon niCte4 rt, l_a. 

*. (i) the sides of the polygon having an ext L- »= 30 are *= »« 

12, t c, the polygon is 12 sided. 

(it) Tlie polygon is -£x-= 15 sided AB is j) to CD and EF meets 
them at E and F. 

EO and FO bisect the L.s J?EF and EPD 

Then the L. EOF is a rt. L. 

Prop No. 107. 

4. The xnt Ls BEF and EPD are = 2 rt |_8 .* the L.«, 

OEF and OFE half the two int. Ls. are =* one rt L* But the 
three Ls OEF, OFE and EOF arc = 2 rt Ls and the Ls OEF 
and OFE are *= one rt L The lemainiug L EOF = one rt. L* 

Prop. No 108. 

5 ABO is a A> base BC is produced both •ways to X and Y 

Now ext Ls ABX and AGY togetlier with the int. Ls ABO 

and ACB are ** foui rt Ls. 

But the three Ls of A ABC = 2 it. Ls. 

Now taking away the Ls ABC, ACJ5 and JB AC «= 2 rt Ls. 

The remaindei ext Ls ABX and ACY — L BAC** 2 rt. Ls. 

Plop No. PtJLo 

6 ABC IS a A t-hs L.s ABC and AC.B at the base BC are 
bisected by DB and DC. 

The three Ls ABC, ACB and BAG are «= two rt. Ls. 

The half of equal things are equal. 

. half of the Ls ABC, ACB and BAG = one rt angle. 

Again tlie angles DBG, DCB and BDC = 2 rt angles. 

Now by taking away the equals, the remainders aio equal. 

. . BDC - ^ BAG = one rt angle, i, c., the angle BOC »» ^ sngle 
BAC + 80-, 
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- Prop NOi llOip*,^^ 

7. Theoxfc Ls BCE and CBD together v^itli adj iiifc. L« ' 
ACB and ABC are =4 it. Ls and the three Ls of the A ABC- 
STrt Ls Talte away the equals. 

The remainder ext LsBCEandCBD minus L BAC are — 2 
rt Ls 01 half of these, t e , OOB, OBC and minus ^ of L BAO 
— one rt L oi 90®. 

But the Ls BCO, CBO and BOC are — 2 rt. angles. 

Again take aivay the equals. 

Then the remainder the angle BOC ■}* jangle BAC — one rt. 
angle or ^90® . the angle BOC =• 90® - 

Piop. No 111 

8. ABCD IS four-sided and all the int. angles LA, LB, LC 
Und LB are *= 2 X 4 rt angles - 4 rt angles or - foui rt. angles 

then halves or the L-^+L-^ + L-^ +L--y “Srt. Ls* 

B C 

But m the A OBO the angles -y, and BOC are— two rt. 
angles Subtiaoting the latter from the former we get angle -f 

angle - BOC — 0 

1 e , angles and — angle BOO. 

Pi op No. 112. 

9 The L ABC - L ACB, AB = AD and AB - AC 


.. AO -AD and consequently the L ACD — ADC 
* the Ls ABO and ADO are — Ls ACB and ACD. 

01 = L DCB. 

But the throe Ls DBC, BDO and BOD are together— 2 rt Ls. 
the Ls DBC and BDC arc — one rt. L and the L DCB is 
also — one rt L 

Prop No 113. 

10 ABC 18 a rt angled A having LB a rt. U and D is ths 
middle pomt m AC. J oin BD 

Pioduce BD ^ E making BE — BD and join AE, 
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» ITow in the two ADE and BDC, AD = DC and BD t= DE, and 

theL, ADE =» BDC thoAADE«=A BDC in ail respects, 
the angle DAE rs angle DOB To each of these add the angle BAC. 
Then the whole angle BAE» angles BAC and ACB which are*=ono 
rt, angle, angle B AE = one rt. angle^ 

Now in the two La ABC and BAE, BC=» AE and AB is com- 
mon, and the angle ABC -wangle EAB. the base AC=athe base 
BE. But AD is i AC and BD is ^ BE . . BD=i AD = CD. 

« “ K V 


PART 1. 

Page 49, [Theoh 17.] 

On the identical equality of tnangles. 

Pi op. No. 114. 


1, ABC is an isosc. A J^nd AB == AC the angle ABC « angle ACB 
CO is perp. on AB, and BP on AC. 

Then in the two A® OBC and PCB, the angles OBC and BOO 
o! the one are = angles PCB and CPB of the other and the side 
BC opposite to the » sides 

the A OBC =5 ABCB in all respects. 

BP = 00. 

Prop. No. 116. 

2. BO is the bisector of tho angle ABC, anli 0 a point in the 
bisector from which OP and OQ perpendiculars are drawn to AB 
and BO respectively. In tho two As BPO ond BQO, tho angle 
BPO = BQO, and tho angle PBO = QBO, and one side BO common, 

two As BPO and BQO are = and OP = OQ. 


Prop No. 116. 

, S. In the two angles AOX and BOY,, AO = BO, the angle 
AXO = angle BYO and the angle AOX = angle BOY. 

.*! the A AOX= A BOY. 

.\AX=BY. 

^ Prop, No. 117. 


i. In the A ABO, AD biseots the angle A and is At ri] 
to BO the side AB shall be equal to AO, , ' • / 


♦ * v 



( 32 ) 

Now in the two A BD and ACD, the angle BAD wangle 
CAD, and the angle ADB wangle ADC, and AD is common 

. the A ABC = A ACD and AB = AC - t. c , the A ABC 

is isosceles 

Prop No 118 

5. ABC IS a At ad bisects BC at rt angle then AB « 
AC In the two A& ABD and ACD, the angle ADBb angle ADC, 
and the side BD=: side CD and AD is common, then A ABD is » 
A ACD in nil respects 

. AB«AC 

Prop No 119 P’^1 

6 ABC 18 a At which AD bisects the angle BAC, and the 
base BC AB shall be<» AC Produce AD to E, make ED => AD. 
•lorn CE 

In the tvt o As AB D and ECD, AD s DE and BD » CD and the 
angle ADB a angle EDO. 

.. AB = EC [Theor 4] the angle BAD » angle CED. Bat 
the angle BAD is = angle CAD [Hyp ] 

L. CEA=* angle CAD 

..AC = EO [Theor 6] 

But AB IS provedsiEC. 

.. AB = AO 

Prop No 120 

7. AB II to CD, the st, line EF meets them at E and 7. 

The point 0 is the middle point in EF, and OF, and OQ, are 
drawn perpendicular to AB and CD respectively Now in the two 
As OPE and OQF, the angle OPE =ongle OQE being rt. angles, 
and the angle POE » angle QOF, and the side OEbOF. [Hyp] 

A OPEe» AOQE in all respects and OPejOQ. 

Prop. No 121 

8 The St line EF is terminated by two || st lines AB and CD 
and bisected at 0 , another st line PQ passes through 0 and ter- 
minates at F and Q 

In the two As EOP and POP, the angle EOF s angle FOQ, 
(Thror 3] and angle PEO = angle QFO [Theor. 14] and EO« 
TO tHyp.] ♦ the A EOP » A FOP. 

..PO-QO. 
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Pi op No 122. p. zx 

9 0 is a point equidistant from t\\o u st lines AB and CD, 

'and tlirongli it two st lines PQ and XY pass and terminate bj the 
)1 St lines AB and CD ^ 

In the t«o ^s EOP and FOQ, the angle EOP«=r angle POQ 
[Theor 3 ] and the angle ©EP = OFQ and the side adj. to them. 
OE = OF. • the A EOP*= A 0^* *= OQi EP = FQ 

Sunihivlyin Uo As EOXand FOY, it can bo proved that 
OX = OY, and XE » F Y 

whole XP = w hole QY 

Plop No 12.3. P,2.X. 

10 In the two As ABC and ACD, AB^AD, and BC"* 
CD, and the base AC is common. 

the A ACB= A ACD, each to each . the angle B AC =* 
angle DAC and the angle BCA = angle DCA, i. c , AC bisects the 
angles BAD and BCD 

Since because the A E AD is an isosc A» forAB = AD, and 
the angle ABD = angle ADB and the angle BAO has been proied 
r= angle DAO the angle AOB « angle AOD but they aie adj. 
angles each of them is a 1 1 angle. 

AO IS perpendicular to BD 

Prop No 124- 

|| There are two A^ BAO and DCO, in which thel_ RAO = 
angle DCO being it. angles, and the angle AOB = COD. [Theor. 3,] 
and one side AO=>CO 

« 

*, the A BAO=> ABCO and *. BA«=CD. Hence by measur- 
ing CD the bieadlh of the riier is known. 

PART I c 

Page 54 Revision Lesson on As. 

1. (t) The property of inteuor Ls of a A w that all the inte- 
rior 1 s «= two rt, L.S ' 

(ti) That all the exterior L.8 = four rt. Ls, all the inter an- 
gles together ivith 4 it. angles are « twice as many rt. 
angles ns there are sides, correspond tp a polygon of n 
sides also wheie all the inter, angles « 2 n rt. angles- 

4 rt. angles or 2 (n--2)jt.-Lsi *- x. 
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The property enumerRted in (n) is slmiod by a A 'with nil other 
polygons 

2 The A8 can be classified with regard to their angles into 
three kinds, t. e , rt angled Ai obtuse angled Ai and acute angledA* 

Theor. 1 6. The tin ee angles of n A *‘*’6 together = tw o 1 1 angles. 

And cor 1 of Theor 8. Any two angles of a A a re to gether 
less than two rt. angles. 

3 Theor 6, 7, 9. j 

Since m the A ABC, the sides AB and BC or A and 0 are 
equal, and each of them is > AO or T| 

tho angle B la < either of angles A ond 0. [Theor 9.] 

2Tow tho t^\o angles A and 0 are together less than two rt. an- 
les [Cor. 1. Theor. 8 ] But the angle A wangle C [hyp] 

. . each of the A and Cnless than a rt. angle. 

And the angle B has been slievi n to be < either of the an- ’ 
gles A and C. the angle B is also less than a rt. angle Hence 
the A ABC is acute angled. 

Flop, Ho. 126. 

4. Theorems, Theor. 6, 10. 

(») the Third angle C » 180* - 48* - 51* = 81* 

the greatest side is AB [Theor, 10 ] 

Prop. No. 127. 

(u) Tho third angle 0 = 180’ - 2 x 62j«=66* 

The aide AO » side BO ehile the side AB is less than AO or 
BO. 

6. Identically equal A^* hre — 

{\) Theor, 17. Prop. No. 128. 


(tt) Theor, 4, 
(tv) Theor, 7. 
(vt) Theor, 18, 


Prop. No. 129. 
Prop. No. ISO 
Plop No, 131, 
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(a») Triangles nocrl not ba 

Prop. 2s"o. 133.^ 

(f ) Ambiguous case, 

Prop. Ko. 1.33.*^ 

G, (i) Triangles aio equal in all respects i\‘bcil 

1 T\no sides and included angles are equal* Theov. 4. 

2 Three sides are respectively equal. Thcor 7. 

3, T\vo L.*! uud one side cither opposite to or adjacent 

to the cqu.il angles (Theoi, 17 ) 

4. The ^s>avo\t% angled, and Hypotenuses and ono 

side ot each equ.d. (Thcor. 18.) 

(ii) The triangles in the following cases may or may not bo equal j 
■when 

1. The tin 00 angle® arc equal. 

3 Two sides and ono angle are equal, tho equal angles being not 
included between the equal sides 

Y<])In two triangles wlucli have their respective L.8 equal, tlio 
L.8 are not dependent on the amis } the arms may bo longer or 
shot ter but the angles remain the same, hence the cquulily of the 
two As in all respects remains doubtful.*^ 

Prop IsD 13l^r» 

S (t) AB IS the guon st. lino ami C a point svithont it. CD 
IS the perpendicular to AB CB and CF me oblique linos 
one on each side of CD niahing Ls DCK .and DCF equal. 

Ill the A CDF, puico the angle CDF is a rt. anglo 

the L. CFD is less than a rt L [Theor 8, Cor. 1 ] 

1 . c, the anglo CFD is < tho angle CDF. 

CD is less ihiin CF. [Ihcot. 10 ] 

In the same mannci it can be shown that CD is loss 
than any other obliques GE, CP or any othci obliques 
that may be diawn from C to AB 
(tt) Tho obliques CE and CF make BCD and FCD Ls equal 
to eacli othei ; and the angle CDE is = angle CDF, npd 
the aide CD IS common *, Tho A** CDE ahd CDF nio 
equal. , . GE =* OF. ' 

(ill) From C didw anolhci oblique CP iftaking ivith CD an L 
DCP gieatci thuu'the L. DCF. 
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The ext angle CFD of the A CPP ifi giealef than tlife 
int and oppt L CPP [Theoi 8 ] ^ ^ 

But the angle CFD haabeen shown less than a rt L, 
the L. CFB 18 greatei than ait L [Theoi 1 ] t 
. much moio the L CFH gieatei than the angle CPF 

CP IS > than OF {Theor 10] 

9 The solution of this is given on page 28 which consult* 



Plop No 135 


10 The angle QPA = 15®, 

PA = 4 2 cm 

by 

measuiemeut 


QPB = 30, 

PB = 46 

99 

99 

19 

QPC = 46, 

PC = 5 6 

99 

99 

99 

QPD = 60, 

PD = 8 1 

99 

99 

99 

QPE = 75 

PE = 15 2 

99 

ft 


, Prop JL36-^ 

11 In ihe A bap, chi TTfixed while AP = 3 cm lolnlcs 

about the point A, tracing theohangcs of its position along the aic 
Pj, P3, Pg as the angle BAP incieases fiom 0 to 180 


When the aiigleBAP, is 0”, AP^ coincides withAB and BP« 0 cm, 
„ ,, becomes 30** as BAP, BP increases to 2 cm 

„ ,, BAPj IS 60* as BPg increases to 3*5 cm 


iy 

w 


BAP, IS 90* 
BAP* IS 120* 


as BP3 „ 5 cm 

as BP* „ 6 1 cm 

as BP5 „ 6 7 cm nearly 

„ „ BAPfl IS 180* as BP^ and BA become in one 

and the same hue and thus BP^ becomes equal to 7 cm 


BAP^ IS 150 


Prop No 137 

12 The approximate height of AB»40 cm 

Prop No 138 

13 The approximate distance AB » 1 10 ft 

' Prop No ISgp.jLS*^ 

/^Tlie distance of the slnp A fiom the Light-house |_ is 342 3d8 
uearh’, and ‘that of the ship B is 092 appi oximatelj hy lueasuieincut 
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PART I 

Page 59, Theor 20-21. 

Pi op No 140. 

1 ABCD IS a four-silted figure of vlncli opposite sides AB and 
DC , and AD and BC aio equal Join AC 

l^IieU m the two l_s ABC and CDA, the two sides AB and BC 
of the one = tw o sides CD and AD of the othci , and the base AC com- 
mon to both, the A ABCes A CDA, [Theor. 4 ] and the L. BAG 

=L. DCA, and the i_ BCA«:L_ DAG but these are alternate 1 b, 

. . AD 18 p to BC 

In the same manner it can be pro\cd that AB is |i to DO 
[Theor 13.] 

. , ABCD IS a parallelogram. 

2 In the nboie figure the L. ABC is = the l_ ADC, and the L. 
BAD = U CDA. 

But the four angles of a quadiiluternl nrc=» 4 rt angles 

. the angles BAD and ABC are«=t\\o rt angles. [Inf 5, 
Theor 16.] and these are two intr angles on the same side of AB, 
which meets two other sU lines AD and BC, . AD is n to BC. 
[Tlieor 13] 

Similarly AB is ii to DC. 

, ABCD is a paNallologiain 

Prop No 141. 

3 In the figine ABCD the diagonals AC and BD bisect each 
other. In the two A^ ADE and CBE, the side AE-sideEC 
and the side DE» the side BE, and the includedL,AED«=in- 
cludedl_BEC..thc A ADE«ACBE, and the base AD«biise 
BC, and the L DAE -the L. BCE [Theor. 4.] 

But these are the alternate angles, ’.AD is n to BC. [Theor. 13 ]- 

Similarly by taking two As AEB and DEC it csn be demons, 
trated that AB is n to DC 

. the figure ABCD is a parallelogram. , 

Prop No 142 

4 ABCD IS a rhombus, of which AC and BD are diagonals, 
Intel secting each other at O 

. Diagonals of . I parallelogram bisect each otbei. 

. . AO = OC and BO = DO [Coi. 3, Theoi. 21 ] 
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Now in tho two A** AOB and AOD, the two sides AO and OB 
in the one At^^o sides AO and OD in tho other, and the base AB^ 
the base AD /.the L AOB-L AOD [Theor 7 j 

But these being adjticent L*a and equal to two rti L<s /, each 
o! the Ls AOB and AOD la a rt L, Hence AO oi AO is at rh 
L to BD and bisects it 

Pi op No 143. 

6 ABCD IS a parallelogiara, and the diagonals AC and BD 
are equal, 

Tlien the A® ABC and DOB, the two sides AB and BO of thq 
one area to two sides DC and BG, and the base AC is oomcnon| 
/.the As ABC and DOB are equal and the angle ABO** angle DCB# 
[Theor 4 ] But these are the int angles on the same aide of BQ| 
and equal to 2 rt. angles Therefore each of them is a rt. angle* 
In the same manner each of the angles BAD, and CDA is alsq 
a rt angle 

I Prop No 144* 

6. ABCD IS a parallelogram, AC and BD are diagonals. If tho 
angle BAD be not equal to the angle CDA, then AC and BD arq 
not equal. Let the angle BAD be less than the CDA. 

Now in the two A^* BAD and CDA, AB and AD « CD and DA^ 
each to eacli, and the angle BAD less than the angle CDA. 

, the base BD is less than the base AC [Theor 19 ] 

PART I. 

PaGS 60.— oh PaRALLULS and PARAntULOGRAMS. 

Prop. No. 145 

f As all the sides of a ihombus are equal, and its opposite 
angles aie also equal, and the diagonal bisects the opposite angles. 
Now if the rhombus ABCD is folded lound the diagonal BD, the 
angle ADB will coincide with the angle CDB foi these aie equal, 
and the line AD will fall on DO for AD trt DO, and A wdll fall on 
C, similarly the angle ABDwill coincide with the angle CBD, and 
AB will cover BC, and the angle BAD will coincide with the angle 
BCD for the angle BAD « angle BCD 

the A*^ BAD and BCD are symmetrical about BD 
In tlie same manner it can nUo be shown that the A® ABO 
and ADC arc symmetncal about AC 



( 39 ) 


Piop No 14C. 

% 

2. ABCD is a cquaie, and AC and BD aio the diagonnlB As 
pioved in the Inst pieceding c'crcise 1, the A’< BAD and BCD aro 
symraeti ical about BD, and the As ADC and 'ABC are Ryinmetnoal 
about AO. 

Pi op No. 147. 

(n) Tho hues ISF and GH which join the middle points in the 
opposite sides of the square ABCD, are the other lines of 
symmetry. 

Prop No 148. 

3. ABCD IS a rectangle, and BD is a diagonal. 

The sides AB and AD in the A ABD area to the sides CD and 
BC in the A DOB respectively, and the base BD is common to 
both, the A ABD is — A DCB in all respects. [Theor 7.] 

Tho diagonal of rectangle is not an axis of sj'raniotry. 

A rectangle is symmetrical about the lines that join the middle 
points in the opposite sides. 

Prop No 149. 

4 There is no axis about w liich a rhomboid can be syroinctricnl. 

For neither tho diagonal bisects tiro opposite angles nor a lino 
joining tho middle point of the opposite sides make equal angles 
with the sides, and hence if one of the As* BAD and DCB be 
applied to tho other it will not covei tho other, nor does the figure 
AF cover the figure EC 

Prop No. 150.' 

C. Tho diagonal AC, which bisects tho angles BAD and BCD, 
is an axis of symmetry in the figure ABCD. 

Prop. No 151. Prop. No. 152. 

6. (%) ABCD and EFQH are tho two parallelograms, having 
the two ttdj. sides AB and AD in one =» two ndj sides EP 
nrd EH of the other, and tho angle BAD a angle FEH,i 
the A bad® A FEH. [Theor. 4.] 

^ by applying the A BAD upon the A FEH, the side AD 
will fall on EH, and the points A and D will coincide with the 
points E and H, for AD ® EH. 
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AB coinciding with EH, AB will full on and coincide with EF 
foi the angle BAG =» angle FED and ABt=EF BD will coincide 
with FH. 

Similarly the A^CD will coincide with A^’^H. 

Prop No 153 Piop No. 164 

(it) A BCD and EFGH ate two rectangles of which adj sides B4. 
and AD are»adj aides FE and EH and the included L<* 
BAD and FEH aie equal foi each of them is a it augle 
.• The ABAD- AFEH. 

Similaily the ADOD«tho AFGH 

the rectangle ABCDoiectangle EFGH. 

Pi op No 155. Pi op No, 166 

Join DB and HF 

In the two As ABD, EFH, the two sides AB and AD in one 
are <= tw o sides EF and EH in the other, and the included angle 
BAD as included angle FED 

. AABD = AEFH [Theoi 4]‘ 

Piop No 167 Plop No 138 

, the AABD if applied to the A EFH. the botli will coincide 
Similarly in other two As BCD and FGH, the two sides BO and 
CD B two sides FG and GH respectuely, and the base BD Sybase 
FH. 

. the A BCD A FGH and 
they coincide when one is applied to the other 
Theoretical^ 

Prop No ^0 

8 ABCD IS a parallelogiam, BD its diagonal, 0 the middle- 
point in BD, a st line is drawn through O meeting AD in P 
and BO in Q. Then the two As POD and QOB the L.s POD and 
QQB are equal [Theor 3 ], and the angle PDO » the angle OBQ 
[Theor 14 J and one side BO s side OD. 

the A FOD = AQOB in all lespecte OPjiQQ [Q^ieoi 17 ] 
.'. PQ 18 bisected at 0 

Prop No 160 

9. IS a diagonal in a parallelogram ABCD, and AE and 
OF are two perpendiculais on BD fiom two opposite L.s A and 0 / 
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in the two As AED mid CFB, the it angle AED = rt angle 
CFB, and the angle ADE =» alternate angle CBF, and one side 
AD « one side BC. 

• the A AED = A^'FB, and AE=:CF. [Tlieor. 17] 

Flop No 161 

10 The opposite sides o£ a parallelogram aio equal. 

A AD=13C [Theor 21] 

Half of equal things aie equal AX«=CY 
Now AX and CY aio equal and paiullel, and the two st lines AY 
and CX join them tow aids the sumo paits 

. AY and CX uio also equal and paiallel. [Tlieor. 20.] 

. . AYCX 19 a paiallelogiam. 

Prop No 162 

1 1. Place the t\\ o As ABC and DEF so that the base BO 
vhcu produced be in the one and the same st. lino with its equal 
and paiallel side EF 

Then bccauso AB isii^KSandBF meets them. 

.. the ext L. DEF=»int. opposite l_ ABC. [Tlieor. 14] 

Again in the As ABC and DEF, two sides AB and BC of one 
me = two sides DE and EF of the othei, and tho included L_ ABC 

= 1 DEF. AC=»DF, and tho 1 ACB-=1 DFE [Theor. 4 ] 

Now tho st lino BF cuts the two st. lines AC and DF, and 
make the ext L- ACBe»to tho int and opposite L.DFE. 

. . AC IS 11 DF [Theor 13 ] 

It has also been pioved equal to it , 

Pi op No 

12. (i) Produce DC to E and make DE=i AB and join BE Tlien 

because DE isIlandequaltoAB * BEi8=and|l AD But 
AD = BC . BE = BO . . tho LBCE » L BEC. [Theor. 5.] 
Now DE IS II AB, and CB meets them 

L. ABO t= L. BCE which is = BEC. [Theoi. 14 ] 
Again the L_ ADE = L. ABE [Theor. 21 ] 

,.L ADE = L ABC + LCBEr^LBEC+u OBE. 

To each of these add equal angles ABC and BCE 
icspectivelj'. 

.. the L ADE+L ABO=L BCE + L BEC + L_ ^ 
CBE. But tho U BCE + L BEC + L QBE = two rt. ” 
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Ls-lSO*; the L. ADE + L ABO«180’ 

All the L.8 of the quadrilateral ABCD are»4 rt 
l_s. and the 1_8 ADE and ABE are =» two right L.*» 
the remaining two angles DAB and BCD are«i2 
rt. Ls 

ALADO + L ABO= 180*= the L DAB + L BOD. 
(tt) Join AO and BD. Then in the two As DAB and OBA, 
AD and AB aresBC and AB and the L_ DAB o the 
L ABO. 

the A DAB « the A CBA [Theor. 4 } 

And \ the diagonal AO » the diagonal BD 
(iii) Bisect AB at 0, and OD at P, and join PQ. Then bsoan^e 
AO OB, and DP » CP, and the side AD ■> side BC, and 
the L_8 ADP and DAO are » the L_s BOP end CBO res* 
peotively. The whole figure AOPD«=the whole dguie 
BOPO in all respects, and hence the quadrilateral ABCD 
is symmetrical about PO. 

R /f Prop. No. 164. 

13. ({) AP and bQ are two equal rods whicfi ^urn round two 
pivots A and B at equal rates clockwise, t e , they 
make equal L.s at A and B respectively in the same time 
The rods stait parallel but in opposite sense, 4. e, at 
the time of their start they point towards diametrically 
opposite directions, namely AP begins its start while 
pointing towaids the North, at the same time BQ begins 
its move while pointing towards South. 

AP and BQ as shown in the diagram represent the position of 
both the rods at the time of their start to more. 

Join AB and PQ cutting at O. 

In the two As PAO and QBO, the angle PAO « the angle QBO, 
being rt. l.s and the angle AOP the angle BOQ and PA «BQ. 
.% PO-QO, and AO»BO. 

If AP moves and in a certain time describes an angle PAP* then 
BQ also describes an L. QBE' « an L. PAP' in the same time, for 
AP and BQ turn at equal rates. 

Then AP' shall be U BQ'. 



( 4o ) 

XV w parallel to BQ, and BQ' makei an angle QBQ' nitli 
BQ, the St. lino BQ wlien produced will meet PA, pioduced if neces- 
sary, let them be pioduced and meet at C 

Then bccau<?e BQ is |! PC and BQ'^ produced meets them. 

*. the L. QBC =a the aUernate L. PCB [Thcor 14] But the 
QBC«tlie L. PAP', the L PAP'etthe L PCB But the st lino 
PC meets two other st. lines AP* and BC, and makes the exterior 
L. PAP* =»int, and oppt L_ PCB. 

AP' IS 0 BC or BQ' [Tlieor. 13 ] 

(u) Join P'Q', cutting AB at O. 

Then because the L PAB tho L. QB A, for they are rt, 
L.S, and their parts the L-S PAP' and QBQ aro also equal, 
the remainders the L. P'AO » the L-Q'BO. 

ITow in tho two P'AO and QBO’ tho L P’AO •>» Q'BO 
• the L. PAO«Q'BO, and the L. P'OA«*thc L_ QOB and 
FA = Q'B [Hjp.] (Thcor 3) AO«BO. 

This result was also obtained by joining P to Q, O is 
the point through which the line PQ will pass whatever 
p.irallel position tho two rods AP and BQ occupy in their 
rotation round A and B 


p/jr'^rop. Ko 1G5. 

Kamerical and Graphical. 

14 CAD = a 18 the ext L. of the A ABC, znt L. a = J of ext, 
L. a or ext. o= ? of int. L But the int. L + ext. L «=» two 
rt angles ■» 180* 

o + f a » 180® or -'A a & 1 80* 

oe 180 X -1^=126* hit. angle aat 180 - 126 ttBi* 

Now 3B-4G, or B«*G 

But B + C=»ext. L 126* 

01 ^C + Crtl26 .. C = 126x3_y^^. 

B= 126 -54=. 72* 

Prop. No, 166. 

The yatch sails from West to duo E, but finding to hinder her 
eastward course, she turns lound and sails towards B making nn 
L of 63* out-waid, A and B she again turns 78‘, at C 119*, at D 
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xhr:z €4* sstd Cnslly &t F she rgsrtj^ L-sr ccrrse cre€c«t:. 

A- fxt o£ this £^Trre=4 ri* Bsi 

the suns of all the ext L® given is 63* — 

/, the lafet turn in her «>crse ci 350* - 324* « S3* bris^ hez to 
proaec-d dac ea>t, 

16. All the ext L.'J of a figure afg=s 4 rt. Anf»ibeiat. 
L,*5”t'*»'5e a*? many rt I_s as there are «ide$ minca 4 rt. [_s, sup- 
po-jC » Jjfi the M<}c4. 

TJicn infc. « L-s=>2n rt (_s— t rt L_s 
*» 2{« - 2) rt L* 

liut by Hyp int L.s— '2 (n- 2) y 90’ 

1 e, 3G0*«180n-360. 

« •* rf § “ 4 sidcb. 

/, the figure is four sided. ^ 

/?^/ Piop Ko 167. 

J7, In UiIh figure ABODE 
All ifio fnt. Lfl “ 2 (n - 2 ) X 90 « 9000 - 360‘ « 540* 
l?ut tlio Hiiin of l/lio four gi\cn Ls » 1 10’ ■}• 115* + 93* + 152’ = 470*. 
tlic reinniinng angle A »« 640- 470*70*. The st line AB 
mooU two olliorfl BO and AE and makes two angles ABO and BAE 
1 J 0 *1 70 -M 1 88 or two 1 1. angles. 

BO l« II AE [Tlicor. 13.] 

Willi the ruler and pen join EG, and then with the help of 
OomimuHW) moasiii'O out firM AB, and then by placing the two ends 
of the ('Oni)m«noit ho extended on the points E and 0, it is found 
llmt AB ill M EC. And in the samo mannei by measuiing BO and 
llioti a|))>lylng the oonipassos to AE, it is also found that they are 
iwpuvl, luiuuo till) figure ABCE 1 b a paiallclogiara. 

Ihop. No 168. 

} (0 niovofi In (ho (Hrootion of B P', and BQ in that of Q Q', 

u.(r (ho (lino of (heir s(tirt tlio sum of the La they make nitii 
An»"0, ami when thoy hocomo pamllol the sum of the 
they make with AH la (nno rt L.s oi 180* 

A B umhi'M an L. of 7^* per second of tiino and BQ 
1 mnlvi'U an of OJ* inn* bocoiuI of tune so they together 
umUe «n L, of 7J* l 3^* r’l 11^* in one second 
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tliey will make an L- of 180“ ia 180 x =» 16 second^i 
so they "ill become parallel m 16 seconds after the start 
(«) AP moAcs at the rate of 7V per second and so il makes an 
L of -\4x 12®«90“ in 13 seconds, and thus assume the 
position as AP' at rt. 1_ to AB, 

BQ moi es at the late of 3|' per second and so in 12 seconds 

the I desciibed by BQ "ill be-** 12 x ■^^-<=»45“, and BQ "ill 

assume the position BQ' making an L. of 45* " ith the lino 
AB 

As the two rods AP and BQ are of unlimited length 
AP' and BQ' if produced "ill join at 0. 

Now in the A OAB, the L. OAB»a rt L-, and the L- 
ABO =3 a rt 1_ «= 45*. 

*. the remaining L BOA ^ a rt L =* 45^. 

(m) At the moment of the start of AP, and BQ the L. betueeti 
them "as 180®, an'd as they began to move on waids, tho 
L_s between them and AB began to increase, while tho 
L made by the conjunction of AP and BQ dimmished 
by the rate of 7^® ■r3| = 11^* per second, and this dimiuu> 
tion continues till they become paiallel 

PART L 

Pags 64, [Theob 22,] 

On parallels and parallelograms. 

Ex 1, and 2 Solved in the book whicb see. 

Prop No 169 

3 Z and Y are the middle points of the two sides AB and AO 
of the A ABC Join ZY and produce it to V making ZY =YV, 
join VC. 

In As AYZ and CYV, AY«CY, 2fY«YV and the U AYZ 
— L CYV, the A^ AYZ and CYV are congruent 

' AZ = CV. and ZY = YV, and theL AZY=.U CVY and' 
lhe\ aie alternate about ZY ‘ AB is p CV. 

But CV is proved = AZ = BZ 
' ZV IS also = and n BC. [Theor 20 ] 

But ZY IS double of ZY, because ZY = YV, 

ZV is half of BC. 
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Piop No 170 

4» Tn tlio ex 3 above \t has been pvoved that ZY is *» half 
BO «» BX and parallel to BC Tlie sb lines BZ and YX join the 
extremities of two a and || st hues ZY and BX, aio themselves >=» 
and II [Tlieoi 20 ] 

, ZYXB 18 a parallelogram and ZX is its diagonal, 

, the ^ ZBX= ^ ZYX 

In the same raanuei the st line ZX\v Inch joins the middle points 
of AB and BO, is also =* and H CY, and ZY has been proved « 
and n XO, ZXOY is also a paiallclogrnm, and XY its diagonal, 

A CXY =a the A ZXY [Theoi 21 ] . the three As ZBY, 

ZXY and YXC, are « to one anothei, and the As ZAY and 
XYC are proved congruent [Ex 1 above J all the four A® 
ZAY, ZBY, ZXY and YXC are equal in all lespects. 

Piop No 171 

6 In A ABO, ZY is the st hne joins tlie middle points of 
AB and AO ZY is H BO 

Fiom A the vertex draw a st. line AX to the base cutting 
ZY at 0 

From O di aw OY D AB meeting BO at V. 

Because ZO is B BO and AX meets them 

. . the ext L. AOZ is « int L. OXV [Theor 14 ] 

Again AB is fl OV, and AX meet them, the ext angle XOV 
is^int. BAX 

in the two As A.ZO and OVX, the two Ls AOZ and ZAO 
of the one are =» the two Lb OXY and VOX of the othoi, and the 
aidoAZ « the side OV, foi AZ«ZB=«OV, the two As AZO 
and VOXarecongiuent, AO«OX, t c , AX is bisected at 0 

Prop. No 172. 

6, In the two As BAX and DCY tho side AX» CY, and the 
side AB at DO, and the included U BAX « the included L DOY, 
for they aio the opposite Ls of the parallelogram ABCB, 

.\The As BAX and DCY a?e congruent, and BX*a DY [Them 4 ] 
but BX and DY join the extiemities of two « and H st, lines XD 
and BY, they aie thcie£oro«ancl fl [Tlieor. 20] 
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Now in tho A ADP, OX is drawn II the base DP fi om the 
middle point X of AD, OX bisects AP at 0, i. e,, AO«=OP» 
[Ex. 1 above] 

Similarly in the A CBO, PY is 0 BO from the middle point Y, 

OP»PC. 

But AOeOP, AO»=OP»PO, i. e , AC is divided into three 
equal pai ts. 

Prop No 173. 

7. ABCD is a quadiilateial figure, and E, F, G, H are the 
middle points of AB, BC, CD and AD respectively. Join EH, EF» 
FG, and 6H. 

Then EFGH is a parallelogram. 

Join AC. In the A ABC, E and F are the middle points of 
AB and BC, EF is || AC the base so also in the A ADC, 
GH is parallel to AC. 

EF IS parallel to GH. 

In the similar manner it can also be proved that EH is B 
to FG. 

.*, the figure EFGH is a parallelogram, 

Piop, No 174. 

8. Since EFGH is a parallelogram as proved in the last precede 
ing exercise 7. EG and FH are the diagonals of the paiallclogram. 

they, i c , EG and FH bisect each other, [Cor. 3, Tlieor. 21 ] 
Prop No. 175, 

9. There can be two cases of this exercise (i) in uliich A and B 
points lie on the same side of CD, and (ti) w hero A and B points 
are on opposite sides of CD, 

Cons —From A draw AXQ o CD meeting OX and BQ at 
X' and Q' in (i) and OX and BQ produced in («), 

^ P»«np,NQi " 

(i) In the A ABQ', 0 is the middle point in AB, and OX' is 

fl BQ, /. 0X%^ BQ. And XX' = J (AP-fQQ'), 

. . OX + XX « ^ [ AP + QQ + BQ]. OX “ J [AP + BQ) i 
(4 2 + 5 8) «= 6* cm. 

, Pi op No 177. 

(n) 0X'«.^ (QQ+BQ) and XX' (AP + QQ'), 

OX' - XX' = ^ (BQ' - AP - QQ') or OX = i (BQ - AP) » i 
[58-4 2)=* OD 8 cm, 
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Pi op No 178 

10 Lot AB, CD and EF be tlnee II se. lines, and OPR, and 
GHK. two tranaveiaals, cutting the parallela at B, P, R, G, H and 
K 1 espeotively, PH shall be the arithmetic mean of OG and RK 

From O diaw a at line OXY |l GHK, cutting CD and EP ofc 
X and Y leapectively 

Then each of the figures OH and XK la a paiallelogiam In the 
A ORY, PX 18 drawn parallel to RY from the middle point P lu 
OR, for the inteicept OP and PR aie»=by hyp. 

PX=iof RY and XH = i(OQ + YK) 

Hence by adding PX + XH-J (RY + OG + YK). 

or PH«J (OG + RK) 

PH 18 the arithmetic mean of OG 4* RK, 

Prop No 179 

^ 11 ABCD IS a tiapezium of uhich the sides AD and DC are 

parallel, and the at line EF is diawii joining the middle points E 
and F in AB and DC lespectively 

Then EF shall be II to AD and BC, and EF shall be equal to 
(AD + BC) AD a cm , and BC = b cm. 

EP shall be» J (a + 5) 

From D draw DG |l AB meeting EF at H, and BC at G 
Then the figure ABGD is a parallelogram. Because in the ^ 
DCG, fiom the middle pointflF and H in DC,, and DG^ the st line 
FH 18 drawn, * FH is || and « J CG and EH = J (AD + B(J) Add- 
ing these together FH + EH = ^ (CG + AD + BG) « ^ (AD + BC), 

, EF 18 R AD and BC and is also ^ (a + b). 

Pi op No 180, 

12 la, 26, 3c, id, and 5« are paiallels ftom the points, 1, 2, 3 ,. 
4 and 6 in OX 'meeting OY ot a, b, c, d, and e respectively, by 
measuring the lengtlia of these parallels with a cm scale they are 
found as follows — 

la«l cm, 2&r=.l 9 cm 3c = 2 8 cm, 4d=3 8, and 5e=.4 7cm 

, By adding all these ex 14 2 cm , dividing by 5 we get 2 8 neaily 
which IS the length of the 3c hne 
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Tn the tiapczmm la eo, the lines la and aie parallels, and> 
the line 35 diMiles the oblique lines 1, o, and ae into two equal 
parts, lienee as proved in the hist preceding exeicise 

36 = J (Irt + or) or ^ (1 +4- 7)s=2 8 cm If one of the two sta 
lines OX, OY be divided into any numbei of equal parts, say, 
1, 2, 3,4, n, n + 1, . (2« + 1), and parallels be 

drawn fioin these points to meet the othei 

.* the mean jl 18 = =* Jx 2 (n + l) oi (w + 1.) 

. (« + l)th hue IS the mean 

Piop No 181 

13. ABCD 18 a parallelogram, and EF any at line, without 
the paiallelogram, AP, BQ, OR and DS aro the perpendiculars 
drawn fiom the angular points A, B, C, D to the st. line EP 

O IS the point where diagonals AC and BD bisect each other, 
and OX is the peipendiculai from O on EP. Since all these per- 
pendiculaia are at rt \__h to EP, \ they are parallel to one another. 

Now in the trapezium BQSD, a st line OX is drawn from the 
middle point of one oblique BD il BQ and DS, OX = ^ 
(BQ + DS) as has been pioved in a previous exercise." Similaily m 
the trapezium APRC, the middle st. line OX = ^ (AP + CR). 

J (BQ + DS) = 5- ( AP + CR). 

BQ + DS = AP + CR 

Prop. No 182, 

U Let ABC bean isosc A, having AB = AC;in the base 
BC a point D is taken from it DE and DP perpendiculars are drawn 
on AB and AO lespectively, and BG is diaivn peipendicular from 
the L B to AC. Then DE + DP = BG. 

3? f op^o 10» 

(i) Let the point D be lu the base BC 
From D draw DH H AO meeting BG at H. 

,Then DFGH is a parallelogiani, DP=GH, 

DH 13 11 FG, and BG falls on them •; the ext L BHD = the- 
int oppt angle FGH which is a it. angle. 

• the angle BHD^is also a rt angle 

Now m the Itvo As BHD and BED, the angle BHD- the angle 

BED, for they alert angles and the angle BDH- the angle EBD, 
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beoaa^o .{ho angle BDH<st1io}ut oppt angle ACB, [Thoor 14 J 
And the side BD is common, .* the A BHD »- the A BED, and 
the side HB«ED [Theor. 17 ] But DP has been pro\ed=HQ 
•. BD + DP«Ba. 

(ii) If the point D be taken in the CB produced, and perpendi- 
( oulaiB be drawn from it to the sides AB and CA produced 
ns shown in figure (it) BG sa DP - DE. The same construc- 
tion being made as in figure (i) and GB bo produced 
Then the two As BHD and BED ore equal. [Theor. 17]. 
BH«DE ButDP=GH. [Theor. 21 ] 

DP= GB + BH or GB + DE. 

.. DF-DE=BG. 

Prop. No. 184. 

lo ABC is an equilateral A) ivnd Dn point 'uithiiiit from 
which DE, DP and DG porpendioulara are drawn on AB, AC, and 
BO respecthely. 

Then the sum of DE, DP and DG is = AP. 

Through D draw XDY u BC, cutting AP at 0. 

Now the A AXy is an equiangular, [Theor, 14.] 

Hence equilateral [Ij*, cor,, Theor. 0 ] 

The perpendiculars from the angular points af an equi, A 
the oppt sides ore equal. 

Now as proved in the last preceding ex. 14, DE + DP aa the 
perpendicular drawn from X on AYaiAO, adding DG which ism 
OP. DE + DP + DG - AO + DG or AO + OP « AP. 

. * Prop. No. 186. 

16. AB and CD are two equal and parallel st. lines ; EF la 
another st. line. 

Prom A, B, 0 and D points AP, BQ, OH and DS perpendiculars 
are drawn to EP, then the projection PQ shall be «■ BS. 

Prom A and 0 draw AG and OH H EP, meeting BQ and DS' 
nt G and H respectively. 

Because the L BGA » the L DHO, and the L BAG » the 
1 _ DOH,^and the side AB « DO j gjt- 

I 4 :. the A ABO « the A CDH, and side AG = the side OH. [Theor. 17 ] 
, But A<^PQ and CH « ES [Theor, 14.] PQ « ES. 
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BART I. 

Page 68, Os Lisear Measuremests. 
1. 1 26*^ m 

2 72" in. 

3 08" in 


2 . 


3. 


2 68" in 

b cm 8 ram. 

‘When 1 cm = 0'3937'’ in. 

mi 2 68" „ „„ 

Then =6 75 cm. 


5 7 cm. 

or 2 25" in by measuie. 
By calculation 5 7 x'0'393^7 

= 2 244 inches 


4 . 


The line AB lepresents 3 15" in 

A B 

by measuring it is found 7 ’9 3 cm. 
or 7 cm 9 3 mm. 
by calculation 1 cm = 0 39" in. 


6 . 


6 


C 


A 8 Bom 


6 2 cm 

— -D 

{^) By measure AB=*1 15" m. 

(a) „ CD = 2 47" in 

Pi ora the {^) case 1" in. =r2 52 cm. 
ii ]) n =2 o7 cm. 


2 


5 09 


average 2 54 cm. 


3 3C" in ropresonfa 386 miles 


i 08" in. lepresents 408 miles 
7. When 1" £= one kilometre = 1000 metre 

, . 850 mitres will be repiesented by 0 85" 

2980 mitres will be lepiesented by 2 98" 

1010 miUes will be repiesented by 1 01" 

0 8=i" 


2" 98 
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fi When l'' = 100 Imks ,417 links = 4 17" 
as 0 3937" = ! -cm , 4 17"=--^ = 10 6 era 

10 cm fi mm 

9 1 cm ad km then 8'5 cm a 42 6 km but 1 cm aO 

8 6 cm a3 35'' 

T cm 

10 65 milos are icpresented hy 2 lY then I'' represents 

^ i sy 

20 miles the scale is 1 " = 20 miles 
or when ]"=2 54cms and 20 miles = 33 kms 1cm. 
represents 12 kms 

11 1 ' =35 miles, 4 2" X 35 = 147 miles 

the distance between Pans and Calais is 147 miles 

This distance if evpressed in kilometres would be 147 x § 
= 235 2 kms 

and 4 2* = 10 668 cm the scale of the map in meti ic measute 
235 2 

is 1 cm ="i^g 68 ^ =22 kms nearly 

12 The distance between Exeter and Plymouth is 37 J miles, 
represented on the map by 2 ^" the scale of the map = 

X f = 15 miles or 1' = 15 miles 

Distance between Lincoln and Toik is 88 km oi 88 x | 
= 55 miles, and 7 cm = 7x0 3937 = 2 7559". 1 "= 

55 

Q y 559 = 19 95 miles or 20 nearly 

1 3 Diagonal scale show mg yards, feet and inches 

Piop No 186 
PARTI 

Page 79, Pkoblems 1 -• 7 
Lines and Angles 
Prop No 187 

1 Prop No 188. 

2 The angle ABC is ait angle whicliis duided into three 
«qual parts hy the st lines BO and BP Dividing again the CBP 
and PBO into two equal parts, the angle CBX = 45 *, which in turn 
16 trisected by the st lines BX and BT 
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Prop No, l94 

8, AB is a given st line, and P a given point, it is leqnued to 
dran a line PQ making with AB an L equal to a given L. 

Fiona P diaw PS n AB At the point P in PS make an 
L SPQ«the given Lj PQ meeting AB or AB pioduced if neces- 
sary at Q Tlien because PS is U AB and PQ meets tliem, 
the L. SPQ«a the alternate L PQ A [Theoi 14] 

. PQ 18 drawn inclining to AB at an L equal to the given L- 
Piop No 195, 

9 In the two As PHK, and P'HK, the side PH = HP' 
(cons ) and HK is common, and the L. PHK=i the L P'HK, for 
they aie rb L-S theAPHI^ — the A P'HK in all respects 
A the U PB:H = FKH But the L P KH = QKB [Theor 3 ] 

. theLPKH-theL. QKB 

T e , the st, lines PK andOQK make equal L.s with AB 


Plop No 196 

10 P 18 a gi\en point, and A and B two other points It is re- 
quired to draw a st line from P so that the perpendiculais drawn 
from A and B on that line may be equal 


1 1 ) Join PB and AB, and at the point P in the st line PB make an 

I BPQ*=the 1 PBA [Piob 5]^ Then PQ shall be the required 

line From A and B diaw AO and BR pei pendiculars to PQ 
Then because AB ll PQ and AO and BR are at rt Ls to 
PQ, making the angles AOR and BRO=- two rb Ls, [Theor 13] 

. ^ AO is H BR And the figuie ABRO is a paiallelogiam, * 

A AD«BR [Theor 21] 

PART I 


1 


Pack 84, PnoB 8 — 10. 

Graphical Exercises. 

Prop. No 197 
ABC is the lequired ^ 

AD 18 the perpendicular fiom A on BC« 4 3 cm nearly. 
»> » j i> Boil AC’S 6‘1 cm „ 

” ft It ConAB«»5 2cm. „ 
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Pi op No 198 
BS = lv-' newly . ^ = 100* 

CX=)-4l .. '^.d 

b 2 *> 

3. Pi op. No 199. 

AC«210\ds. 

4 Pi op. No 200. 

Tho A = 180*-(47'-^GS’)*x6y 

By measuiement tlio approximate size of AB«77m, and 
AC b: G2m. AD = SSm 

C Tho yalch steers 9 knots in 1 hr. or 60 ints. 3 ^ 

, . Its motion »n 20 mts sa | of 9 = 3 kts. ^ 
n 35 X 9 ► nr » 


35 mts 


>0 25 kts 


Her distance from A the haibour is 0 5 knots, and in order to 
run liome she must steer 45* +,^t>''**74f^outh of East 01 l^East* 
wal'd from the South 

Prop. No. 201. 

6 The thud side 6 O' 9'05 cm. 

s/(c-a) (o + a) «= Jtx 10'2 *= \/bP *= 9 cm. 

Prop No 202. 

7. Tho tim’d side has got two \alucs as gi\cn below with 
corresponding values of the L. C 

(i) 0 = 4 4 cm. I (u) a»9*5 cm. 

Lc = 118’ I Lc=o62* 

The two ^alues of the L. C me supplementary. 

8. Prop. No. 203. Pi-op No, 204 Prop. No 205. Prop. No. 20B. 
(YtilThis case is impossible foi a is less than the perpendicular fixim 

0 on AB, which measures obout 4 8 cm. 

Pi op No. 207 (Scale 100 yds) 

9 The distance between tho lods at A and bridge at C is 880 
yds, by roeacuicmcut 

Pi op. No 203 

1 . *=^‘®^ase = 4 cm. Bisect BC at D, from D draw DA at 

rt. Ls to BC make DA«=:6*2 cm. Join AB and AO. 

Then ABC is the required Zi. Because BD= DC, and AD 

U common, and tlie included Ls ADB and ADO are equal, 

1 AB =s AC, [Thcor 4 ^ 
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Pioj) No 209 

11 Let A be the gnoii at hue and O the gi\en veiticul L, it 
18 loqmred to dia>% an irorc A having its vertital L« L- O, 
and the a1titudo<=st lino A 

Take any st line CD, and a point F in it Fiom the point F 
draw IIF a st line at rfc Lb to CD, and make PR««t lino A 

Bisect the L O (Prob I ) A the point R in PR inako an 
L PRX *= J the L O, the aim RX meeting CD in X [Piob 5 ] 

Similarly make the angle PRY } the angle O, on the other 
Bide of PR 

The figuie XRY is the lequired ^ 

TheLPRX = theLPRY, and the L KPX«the L RPY, 
and PE IS common, . RX*=RY [Theoi 17] 

Pi op No 210 

Follow the same construction with the exception that the altitude 
18 6 cm. and the vertical L ■■ 60*. Each of the sides of the 
equi ^ = 7cm. 

12 Prop No 211 

13 Prop No 212 

Let P bo the given altitude from the L A on BC, and L and M 
the given Lsj it is requited to draw a A, having L B*=5the L 
and the L C«the L L, and altitude = st line P. 

Take any line £F, and a point D in it 

AtDinEFdraw DA at rt Ls to EP, making AD = the st. 
line P At the point P make an L DAB « to the complimentary 
L of M (or 90* - L M), the arm AB meeting EF at B 

Similarly make the L DAC«ihe L (90*- L) [Piob 5 ] Then 
ABO is the reqmied ^ In the A ADB, the L at D is a rt L* 
[Const] the Ls DAB and ABD are » to one rt L< [Them 16 ] 

But the L DAB le the L L (const ) 
the L ABD « the L M 

Similarly it can be proved that the L ACD = the L L 
Prop No. 213 Prop No 214 

14. B and 0 are the given Ls, and b one side Take a st 
line EF, and a point O' in it At C make an L B'C'A = the given 
L O, and make C'A'=»the given st line b Now at the point A in 
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C'A mate an L CA'B' = the L (180" - B - C) or the \_J) supple-} 
mentary to l_s B and C The arm AB meets EF at B. 

. Then AB'C' is the required' A of which the^side AC' = 6 given 

Bide, and the 1_ C' =» the 1 C, and the I B* = 180" — the | -C - the- 

LC'AB'ortheUB , . , - 

Plop No 215 Prop. No, 21S ,,, 

15 Produce one arm^^of the L_ L, the ext 1_ thus foi media, 
the supplemental y }_ SI = 180" - L Bisect the 1_ M ^ 

AC IS tlio base of an isosc A aod the 1_ L is the vei tical 1 of 

that A It IS lequiied to describe that A at the point C in AC 
make an L- ACB = \ the 1_ M or half the supp }_ of L [Prob 6.] 
In the same manner make the l_ CAB = J L. M and let the 
two aims AB and CB meet at B Then the A ABC is the re- 
quiied one, and the vei tical 1_ ABC = the given L Ij* Foi the 
three angles of the A ABC = two rt. angles 

But by construction the angles BAC and BCA^the angle M = 
180* - L ' the remaining angle ABC = 180" - M = angle L 

Plop No 217 

16 Take a st line BD = 73 cm = o + 6 At D make an ansle 
BD A = 45", and fiom the centre B at a distance BA = 5 3 cm . 

, - • Ct} 

diaw’ an arc cutting AD in A , and fiom A draw AC at rt. angles 
to BD Then ABC is the lequiied A Since in the A ACD, the 
angle ACD is a rt angle (Cons.) and the angle ADC = 45", *. )ihe 
angle D AC = 45* . AC + CD [Them 6]* 

By measuiing CD or AC is found = 2 8 cm and BC = 4 5 cm'., ^ 
t e , BD = ct-i- 6 = 45 + 28 = 7 3 cm 

* * ' ^ / 

n/o- 4-6- = v4 5- + 28-= ^/2^ = 6 3 cm. = AB. ' 

, Prop No 218 . 

1/ Draw a st, line EF = a 5 + c the perimeter = 12 cm. 
At the point E in EF make an angle FEG-= the angle B = 70", 
[Problem 5] Similarly make the L EFH = 80* or L C at F. 
Now bisect the angles FEG and EFH by the straight lines EA and 
FA vrliich meet when produced at A [Prob 1 ] From the point A 
draw AB H EG and AC D FH and meeting EF, at B.and C respec- 
tively Then ABC is the required A. .The L AEG = the L EAB 
and the L AFH = the U FAC, for EG, i| ^B, and Ffl-» AC. 



p?heor 14 ] But the L. AEG =« the L- AEF , and the L_ AFH 
=3 the L AFB (Const) *, the angle EAB *= the angle AEF or 
AEB and angle FAC » the angle AFC ^ and therefore EB ** AB 
atfd FO = AO, (Theor. 6 ) . the three sides AB, BO, and CA are 

kEB, BC and OF or a+h + c the penmeter. AB being ll EG, and 
AC n FH, the ext angle ABC t- the int oppt angle BEG, and the 
eict angle ACB s the int and oppt angle HFO Bat these angles 
at B and P are»= 70“ and 80* respectively 

, the angle ABC = 70“ and the angle ACB =* 80^^ 

By mensui ing AB = o = 4 8 cm. 

BC=»rt=r2 8 en> 

AO= 6 = 4 8 onu 

Prop No SIO. Prop No 220,. 

Draw a st line CD = 8 -he = 10 om , and at the point C make an 
angle DCB = 60“ and make the aim CB = 6*5 cm Join BD. At 
the point B in BD, make an angle DBA = the angle BDC, the arm 
BA meeting CD at A. [Prob 6 } Then ABC shall be the required 
Since the angle DBA = the angle BD A, BA =«AB (Theor 6) 
CD=«6-ho CA -hAB-B-hc, and CB«=6 5 cm and the angle C= 
60» Hence ABO is the required 

Prop No 221. 

BD e c - 6 = 1 cm , at the point B in BD make the angle DBG = 
65“, and make BC «= A = 7 cm Join CD, and at the point C in 
CD make an angle DOA»= to the ext L, CD A of the ^ CBD, and 
let CA and BD produced meet at A. Then ABC is the required^. 
As the L. ACD ■= the L ADC [Const ] 

.* AC — AD [Theor 8] 

But 0 — 8 = 1 cm. Add AC = AD = 6 to both o — — 

_ Aotf. .c — l-hior AB. 

By measuring AC or 6 = 7 cm 

. CK>7-h 1 -=8 cm. 

PART T. 

Page 89 

Oonstniction of Quadrilaterals. 

Prop No 222. 

1* FQ is a given it. luxe. It is required to debc^ibe a rhombus 
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each o£ "wliftse sides is = PQ Take a st. line BC ==-PQ 
Describe on BC an eqnL ^ ABC [Prob. 8 j 
FroTj the point A dravr AD 2 BC, and from C drair CD a AB, 
meeti ig AD at D [Prob 6 ] AD is g BC and AC meets tbem. 

the angle D\G— the angle ACD In the same manner the 
angle 8 iC=*cIie angle ACD. [Tiisor 14] and the angle ADC=the 
angle ABC [Thsor 2!.] Bat each of the angles ABC, BAG, and 
ACB, being an angle of the eqoL is = 60*. 

. etch of the angle-* CAD, ADC, and ACD is also = 60’. 

Hence the angles ABC and ADC of the rhombns ABCD are 
equal and e ich of tliem is 60’ "wliile the remaining two equal 
angles are = 330’ — 120* = 240“, or each of them is= 120*. 

Prop Xo 223 

Jl^ AB is the given st line of 2 5" inches The construction is the 
same as given in Prob 13 

^ Join AC and BD In the two DAB and CBA, the sides AD 
and AB are = sides CB and AB and the angle DAB = the angle 
CBA for they aie rt angles. . ,DB = AC [Theor. 4.] 

By measurement AC=BD = 3 54” nearly 

^ Prop X"© 224. 

^AB = 3* IS the diagonal. Bisect AB at 0. From 0 draw CD 
at rt angles to AB. and make CD = OD = AO or OB. Join AD, 
AC, BC and BD. Then because in the ^AOC, AO = OC . . the 
angle AGO = the angle CAO. [Theor. 5 ] and the angle AOC is a 
rt. angle, therefore each of the angles AGO and CAO is half a rt. I_. 

In the same manner it can be proved that each of the anglej* 
■^DO, DAO, DBO, BDO. CBO. jBCO is half a rt. angle, 
each of the four angles A, D, B, and C is a rt angle. 

in the two A? ACO and BCO. the sides OA, OG and OB 
are = one another, and the -angle -40C = the angle BOC, for they 
areTt. angles 

• • AC= BC [Theor. 4.] In the same manner it can be proved 
that AC or BC is equal to each of the sides BD and DA. Hence 
the 6gare is equilateral, it is also proved rectangular, 

y. ACBD 15 a '=qnare and it is desenbed on AB a diagonal 
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By measurement each of the sides AC, CB, BD, and AD = 2 13^ 
nearly 

4 Make the side AB^o 5 cm Bisect both the diagonals BD 
and AC, Brom the centres A and B and with ladius equal to half 
AC 33 3cm and BD — 4cm lespectnely, draw arcs cutting each other 
at 0 Join AO and OB Produce AO to C, making 0C = AO , BO 
to D making OD = BO Thus AC « 6cm and BD = 8cm Join 
CD. Then CD island n AB 

Prop Ko 225 

In the two OBA and ODO, the two sides OB and OA of 
the one are two sides OD and OC of the other, and the included 
angle BO = the included angle DOC 

\ the A OBA « the A ODC in all respects and wde AB=aside 
DC, and the angle OBA « the angle ODC, and the angle 0AB=3 the 
angle 00 D and they are the alternate angles 

\ AB is also Q CD [Theor 13 ] 

Ifow join CB and DA Then because AB is pro^ed^aand fi 
CD, , CB 18 also ^ and n DA [Theor 21] , ABCD is a - 

parallelogram haMng the diagonals AC « 6 cm, and BD»8cm 

By measurement AD *= 5’ cm nearly 
Prop Ko 226 

5 ^ Place the equal diagonals AC and BD in such a way that they 
bisect each other at O, and make vertically opposite angles AOB 
and COB^BO** Join AB and CD, as AO = BO=»OC*=OD for they 
are the halves of equal diagonals 

. each of them is=*3 cm and the angle AOB =* the angle COD 
= 60 and the angle OAB=»the angle OBA, and each of them is 
therefore =* AOB the A AOB is equilateral In the same man- 
ner the A COD is also equilateral As the sides of these two are 
equal, DC is = and fl AB 

Join now AD and BC The sides AD and BC join the two- 
and a St lines, they are also = and \\ [Theor 20 ] 

The angles COD + DO A are = two rb angles, but the angle COD 
-60 (hyp) the angle DOA-180 - 60= 120*‘ 

Again OD-OA, angle ODA=.angle OAD = WlgO* - 120*) 
^- 30 * 
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But the angle 60*. . the angle DAEWOO* of art. 

angle. \ the patallelogiatn ABCD is a lectungle [Cor 1, Theof. 21 ] 
Pciimeter = 2 ( A.B + AD) sa2(o2 + 3)»=164r cm 
If the angle betw een the diagonals be increased from 60' to 90’ 
the diagonals would bisect each othei at i ight angles , and the 
parallelogram will assume the form of a square, whose peiimeter will 
be«« 4 X Jjf = 4 X 4 24 =* 16 96 cm. 

The excess above the foi mer = 1696 — 164=‘0 56 cm 
*. Percentage of excess = 34 cm 
/ Prop No 227. 

O Only the four sides of o quadiilateral do not determine the 
exact shape of it With the value of the four sides given in the 
exercise a senes of figuies can be drawn two of which ABCD and 
ABC'D' aie guen in the accompanying diagram. In older to 
deteimine the exact shape of a qundiilateral it is therefore necessaiy 
that either one of the angles oi tho diagonal be given 

At the point A in the given st line AB = 6 6 cm make an 
angle BAD = 60", and cut off AD = 3 3 cm Then from the points 
D and B and at the ladius 4 cm. and 2 5 cm respectively draw 
aics cutting each other at C, then join DC and CB Then ABCD 
IS the required figuie having the angle A = 60". In the same 
maunar the figure ABC'D' can be descubed with the angle A =,30*. 

By increasrng the angle A to 100“ tho position of the line AD 
will be given in the figure by AD"', and then the distance betjiveen 
D"' and B would become gi eater than the sum of the two sides 
DC + CD = 6 5 cm , and the construction fails. 

In tho same raannei if the value of tho anglo A continues to 
decteose the two lines AD and CD at one position become* a st. 
Ime as shown by tho dotted line AC in figure The value of the 
angle A at this position is 17* neaily, and the construction fails 
Similarly when AD becomes at rt angles to AB, the two sides BO 
and CD become a st line as shewn by AD", the- construction fails. 

- . The const! uction of this figure is only posajhle so long as the 
value of the angle A remains between 17* to 90* 

Plop No 22S 

7. Diaw the diagonal AD = 2 6", and from the points A and D 
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%\ith the radius V and 2 8" respectixely draw two aicn on the same 
side of 5D cutting e.icii other at A Join BA. and DA In the 
manner with radius equal to 1 V and 2 Y ie5*pecti\ely draw two 
arcs on the opposite aide cutting 0*1011 oth^r at C* Join BO and DO 

ABCD IS the reqn led figuie with BD as diagonal 

The condition necpssHij to make the consti uctioii possible, is 
that the diagonal must be < tiie sum of the two sides oii 
each side of it, otlioiwise tlie construction must fail. 

The diagonal AC=»4 2"^ nearly by measure 
(ti) Prop No 229. 

Describe the figure ABOD, about the diagonal AC in the man- 
ner giien above in (t) 

By measuring with protractor 

the angle ABC = 90* 
and the angle ADC *= 90" 


PART L 
Page 94 
On Loci« 

Pi op No 230 

1 Let ABC be a circle, It IS requued to find the locus of a 
moving point P so that its radial distance from the citcumference 
ABC be constant Find O the centie of the circle ABC, and join OP. 

Now from the centre 0 and radius = OP discribo a cncle PQR 

Then because eveiy point m the circumfeience PQR is equidis- 
tant from O, and so every point in the circumfeience ABC is also 


equidistant from O 

Every point on the circumfeience PQR is equidistant from 
the circumference ABC , t c , to vihatever position the point P may 
move on the circumference PQR, it is alwajs at a constant distance 
from the ciicumferonce ABC 

The circumference PQR is the locus of tlie moving point P. 


Prop No 231 

2. For construction and proof see es. 6 on Pioblems 1-7, p. 79. 
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Pi op No 232 

3. A anil B ure tho two points within the circle PQR. Join 
AB, and bisect AB at 0 Fiom 0 m AB draw another hue ROP 
at rt angles to AB and meeting the circle PQR at R and P. Join 
AR, J5R, AP and B'B. 

Then because AO *= OB and OR is common and the angle AOR 
= the angle i?OR * AR = 2fR [Theor 4 ] 

Similarly AP=J?P. 

Theie aie only two points 

4 (i) Prop No. 233 (ii) Pi op. No 234 

This exercise can ha^ e tw o foi m — 

(t) When AB is n CD. Take any tians\eisal EF, meeting 
AB and CD at E and F. .bisect EF at 0, and ftom O 
draw a st line n AR and CD meeting RQ, produced if 
necessaiy, at P. Then P is the position equidistant from 
AB and CD. 

From P draw PG and PH perpendiculars to AB and CD 

Then PG=PH (For proof see solution of exer. 9 under 
Theor 17, page 49) 

(ti) Wlien AB and CD are not ii , let them meet at O when 
produced Bisect the angle AOC by OP [Piob 1.] meeting 
RQ, produced if necessaiy at P. Fiom P diaw PG and PH 
perpendiculars to AR and CD pioduced Ihen the two 
As OPG and OPH being equ.il in all ipt-pecfs [Theor 17,] 
^’CroPH, Hence P is the position tequited 

Pi op No 233. 

6, A and B are the two fixed points From tho centre A with 
a radius 4 cm. describe an arc POR, and fiotn the centre iS-with a 
radius = 5 cm desoiibe another aic PSB, cutting the former at P 
and R Because any point P or R moMiig along the arc POR is 
4 cm. from A. In the same waj un> point. P or R moving 
along the are PSR is 3 cm fiom B 

The two points P and R wliore two arcs cat each other are i 
cm. and 6 cm. from A and B respectively. 
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Prop No 23C 

(i) Lt‘t AT? aind CD be not pamllel Djaw two flt lines EF and 
OH II A each on one side oE it at a distance of 3 cm 
In like manner dMi\ EG and FH n CD on each side at 
a distance of 4 cm ) and let these fom st lines >\hcn pro- 
duced meet at E, F, G, and II, These four points are at 
the distance of 3 cm from A/? oi AB pioduced, and of 4 cm 
from CD or CD produced Let fall perpendiculars EQ, PP^ 
GR and HO fiom EI^G^ on KB produced ifnecessaij. 
Then EQ = FP*«GR*aOII = 3cm Siinilaily pciprndiculais 
ES, FZ, IlY and GX on CD pioduccd aie equal to ono 
anothei, • ES = FZTrHY«GX = 4 cm 
(it) 'When KB IK II CD the construction fails 


Piop No 237 

7 AB and AO arc t\\o lulers placed at it angles at A, and a 
rod AX slides on the pivot A, belMccn AS and AC Bisect AX 
at P, By sliding AX from AB to AC, the point F discrikcs an arc 
OPR Thou this arc is the locus of P, as all the onglcs at A = 4 
rt angles, and the angle BAG ono it angle 

the arc OPR is one fouitli of tlio ciitle that can bedra^Ml 
from the centie A and any ladius AF 


Prop No 238 * 

8 Lot AB be the h3^polenuhc of the it angled ACB, ADB 
and AEB on AB as their common Kiae Bisect AB at 0 Join 
00, OD and OE Then A0 = C0 = 0Dr=0Ea=0B,6jt.Itf-P l|7 

a circle described fiom O as ccntio with the radius AO will 
pass thiough C, D, E and B the locus of the ^eltlces of the 
rt angled ACB, ADB and AEB is the scmiciicle ACDE, 


Prop No 239 

^ 9 Ijet X, X and X be the thiec positions of moving point X 
on the fixed 8t line BC P w the middle point in AX, and F and 
P" ar^ the middle one in AX', and AX" Join PF and F P'' 

A AXX, PF 18 the line joining the middle points of the sides 
AX Md-AX', PF IS, I XX' [Ex. 2, Theoi. 22, p 04} 
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In like manner PT" is II X'X" *. PP'' is a line II XX'', and 
hence the locus of the middle point P is the line || BC. 

Piop No 24G. (t), (xx)f (^t^) 

10 Theie are thiee.cases, (t) the fixed pt. A is on the circ of the 
gi\en circle, (ti) the aaid pomt A is within the circle and (tt%) the 
pt A IS out of the ciicle. C is the centre of the circle, and X, X', X" 

^ A 

and X"' are points in the circumfeience wheio the pt X comes by 
moving In the (?) case A and X coincide Join A with these pointy 
C the cen tie lies in the line 30 ining Aand X". Now bisect these lines 
AX, AX' AX" and AX"', at P, P', P", P'" respectii ely. Bisect the 
line PP" at O If fioin the pt 0 as centre and with the distance OP 
oi OP" aciicle is drawn the oircumfeience of it passes througli P, P',. 
P" and P"' the middle points of the at lines AX, AX', AX", and AX'". 
The cncumferencp of this ciicle will touch the given circle in case 
(i), and in case («) it will pass beUeen A and X, and will remaia 
within ilie given cii'cle, while in the (tw) it will pass between the 
pt. A and the given circle cutting the latter in tno points. 

Pi op. No 241 Prop. No. 242. 

// Bisect A B at 0, and AX at P Join OP. Then OP is [| BX. 
BX i evolves about B, and so traces out the circle X, X', X". At 
whatevei points X' or X" the moving point X reaches in the revo> 
lution AX always remains at rt angles to BX. The middle point 
P in AX always lemains at a distance — PX, and consequently 
tiuces out a ciicular couise PP'P' )| the course of X round B. ' 

Hence the locus of the middle point P in AX is a circle II the 
ciicle XX'X". 

1 

Prop. No. 243 (v) Prop No 244 (n) 

P - 18 the given point from which PM and PN perpendiculars ' » 
are diav^n on OX & OY respectively. Piom OX & OY 
cut off OS = OS' = PM + PN = 6 cm J oin SS', which is the 
locus of the point so that PM + PN is always constant. ^ > 
SOS' IS an isosc A. the angle O S S' = the L OS'S and ' 
each of them is *= half a rt. angle. 

. . SM = PM and PN = NS'. But PN = OM and PM « 
ON for they are the opposite aides of a rectangte. 

PM4%=SM + OM = NS' + ON«6cm. 



» * 
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Similarly, by takuig a point P' m SS', and di awing P'M' and 
P'N* perpendiculars to OS, and OS', xtcan besliewn that P'M' + P'N' 
«OM' + SM'«ON + N'S'«OS oi OS'«6 cm 

SS' IS the locus of the point P sfo that PM + PN «= OS or OS' 
ta 6 cm. Constant 

I (w) In this case the constant PM — PN «= 3 cm From the sido 
OX cut off OS « PM - PN =3 cm At the point S in SX 
make an angle XSP « 45“ 8P is the locus of tJie point P. 
From P draw PM and PN perpendiculars to OS and OS' 
respectively. Then SO *= OM. — MS =» PN - PM or PM - PN 
e> 3 cm Constant 

Similarly we take another point P' in SP and lot perpendi- 
culars P’M' and P'N' fall on OX and OY respectively Then 
OS « OM’-M'S = PN - PM = 3 cm 
13 Prop No 24&. 

(i) Take any point M in OX, and cut off ON « 2 OM Prom tho 
points M and N diaw perpendiculars MP and NP meeting 
each other at P. Join OP, then OP is the locus. As MN 
IS a rectangle, OM c»PN and ON « PM. But ON b 2 OM. 
.*. PMb2PN. 

Prop No 246. 

(tt) Similarly to the above case (i), make ON «» 3 OM', and draw 
perpendiculars PN and PM, meeting at P Join OP, 

Then OP is locus of the point P so that PM =« 3 PN. 

14. Prop No 24’?. 

Let BO and BE be the two given || st. lines and A a given point, 
and F the given distance, it is required to find point or points at a 
given distance from the given point A and at an equal distance fiom 
the two s st. lines 

Prop. No 248. 

The position of the point A admits three coses, ({) whan A is out 
of the ii sides, (%t) when A lies between the B lines, and («i) when 
A IB on one of the lines. 

Prop No 249 

From A draw AG perpendicular, if the position of A so admits 
to BC, and produce AG or GA, as the case may be, to meet BE at 
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H Bisect Gn at 0, nucl fromO draw POQ II ,BCoi DE [Prol> 6,) 
Fiom A ns cciitro Mith a iadius«=F dina an arc MXN cutting 
PQ at M and N Tlicn the points 3\I and N are at a given distance 
F from the point A, and at an equidistance from BO and DE. 

tn the case -when the given distance F is gi eater than the pet* 
pcndicular AO from A on PQ, theic arc always two such points. 
But w’hen F is=s AO, there is only one point and that is 0 winch at 
a giion distance from A and midway betw’eon the two parallels BO 
and DE 'When F is less than AO this problem becomes impossible. 

15. Prop No 251, 

Lot S be the given point and MX the given st. lino and tlio 
perpendicular SO fiom S on MX =2", 

Produce OS to P and inako 0P = 2J''. ' 

From P diaw a st lino QPll H MX [Prob 6 ] 

From tbe centre S with a radius •= 2 J draw arcs to cut QPR at 
P and R. Join SQ and SR Then Q and R are the two points 
which arc at a distance of 2^* from S and also a distanco OP » 2^* 
from MX the given st. lino 
16 Prop No 252, 

MX IS the given st lino and S the gu on point From Sdiaw 
SO pet pendicular to MX and produce OS to Y Bisect OS at P. 
Then the point P is the vertex of the cun o 

Below this point P diaw a soiies of sL lines all j| MX fiom 
points 1, 2, 3, 4, 5, 6, Sic on PY. Now from the centre S with the 
iadiu8 = 01, 02, 03, 04, 03, 06, ifcc , draw oics, cutting parallels 
di.iwn fiom the points 1, 2, 3, 1, 5, 6, «lc , ie'«pectivcly on both sides 
ot OY, at P’, P>, P3, P*, P®, P®, ire These points P, P', ps, P», 
&c , *0 , are equidistant fiom the point S and the st line MX. Jom 
these points and tlieio w-ill be a cuivo w'hicli is called a parabola 
having MX for its axis and tlio point S for its focus 

Pioj) No 233. 

17, Let AB be tlio base, C tho altitude and DE the given st lino. 
At B 111 AB draw BF at rt angles to AB, making BP = C. From 
F diaw FG II AB [Piob. 0 ] meeting DE, and DE produced 
at G. Jom AG and BG. Then AGB is the requued of which 
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AB IS the base and FB =* C the altitude, and the L AQB on the 
st line BE 

Pi op No 254. 

18, ABC IS a triangle Bisect the l_s B, A, C by st lines BO, 
AO and CO All these bisecting lines meet at the point 0 [Ex IT, 
page 96]. Fiom this point O, draw OP, OR, and OQ, perpendi- 
culars to BO, AC, and AB lespectively Then 0P = 01l=»0Q 

In the two As OBP and OBQ, the [_ OBP = tho L_ OBQ and 
the L OPB=tthe L_ OQB, and OB being common, then the A OBP 
- the A OBQ, and OP = OQ 

In the same manner it can be shewn that OP = OR. 

OP=OR«OQ 

Prop No. 255 (t) Pi op No 256 (tt) 

(i) Take points Q' and R' in OX and OY respectuely so that 
OQ =iOR' = ^ (OQ + OR) Join Q'R^ Then Q’ R' is the 
locus of the middle point P of QR Diaw PS and PT per- 
pendiculais to OX and OY lespectively The As QSP and 
RTP aie cougruent and QP = PR 

Similaily by taking Q* and R" points in OX and OYj it 
can also be pioved that Q^P’^P" R" when OQ'' + OR" = 
OQ + OR =^constant 

(ii) From OQcutoffOQ' = OR-OR Bisect OQ' at S at S 

in QS make an angle QSP = 45" Then the st line 3P is the 
locus of the middle point of QR 

Prop No 257 (i) Piop No 258 (i) 

Let S and S' be the two points in PP°, so that PS = S'P' oi SP 
+ SP' 01 SP-rS'P' = constant 3 5" Bisect SS' at 6 oi O Take 
any number of points between SO, and number them 1, 2, 3, 4, 5 
They should be close togethei near S, and the spaces should giadu- 
ally widen as they appioach O Take the distance P I m the com- 
passes, and with centies S and S' desciibe aics at P*, pi and P-*, 
P® on both sides of S tL S’ lespectively Take the distance P*1 in 
the compassps, and with centre S' cioss the aics at P’ and P', and 
*with the ccntie S oioss the dies at P®, ps, ’ 

Take the distance P3 in the compasses, and with centies S and 
SI desciibc aics at P® P® on both sides of S, and P* and P* on 
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that of S'. Take P'2 in the compasses and with oenlie S cross the 
arcs at P*, P*, and with centre S' cioss the aics P’, P® 

Pioceed in the manner described above with each of the points 
3, 4, 5, and 6 in SO, and tiien join the inteisecting points of arcs. 
The curve thus sketeheii is the ellipse. 

The inteisecting points of the .ires at P' P', P’, P*, &c, &c., are 
the successive places of the point P in its pi ogress round the focu 
Sand S' so that SP + S’P-.S'P* + SF = SF + S'P’«S'P‘ + SP* =» 
SP®+S'P*= =3 5" constant 

(ii) Prop No 239 

Join SS' and in the st line SS' take tw’o points P and P' such 
that SP « S'P', and the distance betw een P and P =» 1 ,") = SP — S’P 
Produce SS' both vvaj s and take any number of points J, L, M, and 
N in PS pioduced, and points J', L', M', and N' m P'S' pioduced, 
60 that SJ = S'J', JL = J'L', LIVI = L’M', iMN = ai'N' 

Now with centre S' or S with a radius = P'J' or PJ, P'L' or PL, 
P'Al' or PM, P'N' or PN desenbe aics on both sides of SS' Again 
with SS' as centies with iadius = P'J oi PJ', P'L or PL', P'.M or 
PM', P'N or PN' desciibe aics cutting the torniei arcs P®, P**, P* 
and P® on hoth sides of P'S', and at P„, Pj, Pj, Pg on both sides 
of PS' Now join P' w'lth the points of intei section P*, P**, p*, p» 
on both sides of S' , .vnd simil.iily join P with points of intersection 
^o» ^3 0*^ both sides of S Two cinves of a peculiar shape 

w ill be formed as show n in the diagram one round the point S' or 
the othci round the point S This kind of curves are called Hyper- 
bolas with S', S foi their focii The piopeity of such curves is that 
the difference of the distance of any point on the cm ve fioni the two 
foci 18 constant Foi example SP® -S'P® = PL' - P'L' = PP'j= 1-5" 
foi P'L' is common 

PART I 
Paoe 98. 

Miscellaneous problems. 

Prop No 200 

1 TInougli A diaw LaE H BC fPiob 6] at A in AE 
make an L FAE«X [Piob 3 ] Pioduce FA to meet BO at O. 
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Tlicn AGO is Uie required L, 1>E is jj BC, nnd FAO nioels tliem, 
then tho FAE=*Uie L. AGO [Theor 14 J 
But the L FAE=*the L, X (const ) 
the L. AQC«the LX 

Prop Xo 261 

2 From OB the gre'itoi arm of tho L AOB cat off OC»OA% 
Jom AC From the centres A and C xMth any radius describe tiro 
arcs cutting each other At D Join I) iMth E the middle point in 
AC Then DE produced mil bisect the L AOB 

In the two AOB COE, OA=aOC (Const )aiid OE Js com- 
mon, while the base AE-s* the base CE. ^ 

A the L AOE^the COE, [Theor 4 ] 

Prop No 262 

3 Join OP, and produce it to B mnl mg PR«OP From 
R draw RC j] OB meeting AO at C (Prob G) Join CP and 
produce it to D mating OB Then CPD is the required line 
PorCRis |j OI^^OR meets them, the L CRP«=thc L POD, 
[Theor. 14 ,] and the L CPR«: the L DPO [Iheor. 3 ,] and OP « 
hli (Const ) 

^ acp=pd. ^ 

Prop No 263 t4^xJuL 

4 Bisect OB at D, and fiom B dr in BE H 00, meeting OA 
at E. Jom ED and produce it to P to meet OC Then EDF is 
the required transversal Prove in the same maj as given in the 
lost preceding Exercise 3 

Prop No 264 

6 Let A he the giron point, DC nnd DE two c st lines It w 
required to draw lines from A to DE so that the intercepted parts 
of them between BC nnd DE be= the given line F. 

From A draw AO perpendicular to BC, and produce it to meet 
DE at P. 0 as centre w lib a radius s=F, draw tv *'0 arcs cutting 
DE atQ and R Jom OQ and OR 

From the point A draw AGH and ARM r OQ and OR res- 
pectively, meeting oi terminate vrnh DE at H and M Then GH-« 
KMx^F Because GHQO and KllRO are paraUclograms, of which 
the opposite sides are=«, , GH«OQ and Kil^OR But 0Q« 

OR^F/ gh«km:==f 
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There 'Will bo only ono solution of this exor if OP*=F only 
touches DE j and when the distance befcueen the parallels oi OP is 
greater than F, there uill bo no solution. 

Prop No 265 

6cw Bisect the angle A by AD, meeting BC at D. Through D 
draw DE II AB meeting AO at E , and BF 11 AC meeting AB at F. 

Then AEDF is the lequned ihombus. The side AE = DF and 
DB=aAF, foi they ate the opposite sides of aparallelogiam [Thcor. 
21 ] and the angle EAF«=EDF. But AD bisects the angles EAF 
and EDF, .‘.the angle EAD = the angle EDA. 

/. ED - EA. But ED = AF and AE - DF. 

AE = ED =* DF « AF Hence the figuie EAFD is a rhombus. 

Prop No 266, 

7. AB IS the given st line, it is required to trisect it. On AB 
describe an equil A ABC Bisect the l_s A and B by AO and BO. 
Fiom the point 0 diaw OD and OE U AC and BC respectii ely, 
meeting AB at D and E Tlien the st. line AB is trisected at D 
and E, OD is || AC, OE is 11 BO and AB meets them, .‘.‘the l_CAD 
“the L. ODE, and the !_ CBE=atho L. OED. [Thcor. 14] But 
the L- CAB = the L. CB A for they are the l_s of cqui A, , . the L 
ODE = the L OED - 60", . . the L. DOE « 60". 

OD=»OE=*DE, again OD is || AO and AO meets them, 
the L CAO = the L AOD. [Theor 14] 

But the L CAO « the L 0 AD the L 0 AD « the L AOD, 
and so AD is = DO. In the same manner OE «= EB. But OD « 
OE ea DE AD •= EB = DE. AB is trisected at D and E. 

Prop No 267. 

8. (i) Let 0, P, Q, be the middle points of the 

Join OP, OQ, PQ. 

From the point O draw a st. line AOB |( PQ, and 
from P draw BPC || OQ. Similarly from the point 
Q draw AQC (I OP, meeting AB and BC at A and 0 
respectively 

Then the figure ABO is the lequired A. 
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Pi op Ko 26S Pi op No 2G9 

(ti) Lot X nnd Y bo tbo two sides, mid AD tlip tnodinii on tlie 
tlurdsidc Fioni tliocpiitro A Mitlift indiU8=»4Y desciibo nn 
aic on one side of ADnnd from tbeotbei point D ns centre 
vith a radius «=» J 9 desciibc an arc cutting ibe foimcr at E. 
Join AE and DE, produce AE to C making EC =» AE or AO 
t=i Y. Join CD and ptoducc it tog Fiom Ibecontre A with 
radius = X draw an arc cutting CD prodncetl at B Join AB 
Then ABC is the A lequired Bisect AB at F Join EF 
Then EF which joins the middle points E and F is n BC, 
and also half of BC [Ex 2 and 3, p 04 ] 

Prop No 270 

(nt) P and Q are the two medians and AB is the third side 
From the centre A with ladiuser^ of Q draw an arc, and 
from B ns centre with radius = | of P draw an arc cutting 
the former at O Join OA and OB, and produce AO to D 
making AD=>Q Ptoduco BD to E making BE»P Join 
AE and BD and produce them to meet at C 
Then ABC is the icquired 

Prop No 271 

(t») P, Q, R are the three medians Drawr a A ODC, with the 
$ of the threu medians ns sides of w hicb OD >= § of Q, OC 
= § of R, and CDsa^ of P Produce CO to G and make 
CQ « R Produce DO to A making 0 A =» DO Join AG 
andpioduceit to B making AG t=GB Join BC and AC. 
Bisect AC at F Join FO and BO Bj (Theor III , page 
9G ) CG and BP are conjSi^t, and AE also joins them at 
0 from the L A AE bisects BC. 

. ABC 18 the required A 


PART IL 
Page 101 

On Tables of length and area. 

Prop No 272 

1. (i) Suppose AB = one yaid, then ABCD is the sq on AB«= 
one sq yaid But AB and AD nie dn ided into 3 equal 
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^rts at a, and b, and 1 and 2. From these points 
draw ]|s to the adjacent sides. As Aa*=«^ of AB or 
one yaid = one ft the figuie lfl«=sq. on Aa«sq on 
1 ft. Theie are such 9 squares within ABCD. 

.* 1 sq 5 d = 3 X 3 sq- ft. 

Plop No 273. 

(it) AB leprescuts one ft , and it IS divided into 12 parts. 
.. each of the parts on AB B one inch, and 1, 1 is a 
one sq inch ABCD = sq on AB =» 1 sq ft. There are 
12 sq inches in the tlist low, hut there are 12 such, 
rows, 1 sq ft B 12 X 12 sq. inches or 12^ sq^ inches. 

Pi op. No. 274. 

(lit) Suppose AB lepicsents one cm , then ABCD is one sq. 
era. A B IS divided into 10 equal paits. So “there are 
10 rows of 10 sq cm , t. e, 10" cm. 

Hence 1 sq. cm.B 10- sq »im. 

Prop. No. 275. 

2 AB IS a given st. line, and the figure ABCD a sq on it. 
Bisect AB at a and AD at b. Fiom a and b dravr st. lines ii 
the adjacent sides AD and AB respectively Thus the whole figure 
ABCD IS divided into four minor sqs which are on sides bAa or 
Ba, t e , half of AB . .the sq ABCD on AB = four times the sqs. 
on Aa, t e , half of AB. 

Pi op No 276 

3 ABCD is a sq. desci ibed on AB *= 1" AB is sub-divided 

into 10 parts and so is AD. Hence there are 10 x 10 small sqrs. 
within ABCD. But every one of these small sqis. has for its side 
one of the parts into which AB is divided, t a j the 

sq on 1''b^10 x 10 times the sqr. on or 0 1". 

4, l"«5mile8 Hence 1 sq inch = 25 sq. miles. *.6 sq, inches- 

represent 150 sqr miles, 

PABT II. 

Page 102 

On area of rectangles. 

' Prop No 277. 

1, r«* 2" and 6 = 3",'ABCDis We'reqxiiie^ figx»re*ABe»3"inches. 
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and AD « Di\ ido AB mlo three equal parts, each = 1 inches and 

AD mlo two parts, each = 1*. Now thcio aio two rows each contain- 
log S'sqrs .‘.the rectangle AC cuntaitia 2 k 3 sqis =« 6 sqr. inches. 

(t X 5 » area x 3 a G sqr. inches ni cn. 

Prop No 27S 

2. ABOD IS the lectangle AB = 4' and AD«.l 6" 

,*■ the area=x a x S = 1 5*^ x 4” = G*‘ sqr inciics 
ABis divided into 4 parts eaoh=»l'^, and AD contains one such 
part and a half there aie 4 sqrs. in the fust ron along AB, •while 
^n the second row theio are half squaics. Oi in other wonTa each 
part on AB is divided into 10 equal parts, hcnco thci o are 10 x 1 =» 40 
equal parts on AB In the same manner AD is dmded into 
lO + Ga IG equal parts Now thoro arc 13 rows of 40 sqrs in each 
.• the rectangle contains 40x15 = 000 small sqrs. But a sqr. 
having its one aide® 1" contains 100 such small sqis 
the rectangle ABOD contains ^§5 = 0 sqr. inches. 

Piop No 279. 

8. ABCD is a rectangle AB = 3 6' and AD » 8" or ^**5' 

One inch is divided into 10 parts AB is dnided into 

10 X 3'5 = 35 parts and AD IB duided into *8 or /^^xlOaS parts. 

. . the first row along AB contains 35 small sqrs. each side of •which 
*^•^11*1 there are s^nch 8 rows, 

. , the figure ABCD contains 35 x 8 « 280 small sqrs. 

^ But one small sqr or the whole figure or 280 

small Bqrs,n'|'^>a2 8* sqr. inches 

The area » o X 6 = 8 X 3 5 = 2‘8 sqr inches. 

Prop No. 280. 

4. ABCD is a rectangle such that AB = a = 2 6", and AD«5 
«1*4'’. Every r of the squared paper is dnidcd into 10 parts. 
.‘.AB contains 2 6 x 10 = 26 divisions and AD contains 1 4* x 10»= 
14 divisions. the rect. ABCD is divided into 23x14 = 350 
compartments each of which represents square inch. Tlieio aie 
26 rows wntammg 14 such squares. /. the rectangle contains 
2oxl4 = 850 sqr8. But 100 sqrs mahe up 1 sqr inch £«o = 36 

.IV; inches u the area. In other -words nrea=2 6 x 1 4 = 3 5' 
1^1 monos. - t 
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Prop. No. 281. 

5 lu the rectangle ABOD, AB *=<»=* 2 2", AD = 6=1*5’\ ’JCKfe 
rectangle ABCD is tlieicfore divided into compartments each of 
•which lepiesents -jJjf sqr inch. Now there are 2 2xl0«22 rows 
each containing 1 5 x 10 = 15 sqrs^ the lootaiigle contains 22 x 16 
= 110 sqis, each of i\hich is sqr inch the figme coutaius 
1^ = 3 3 sqr inches. 

The area= 2 2’’ x 1 5” = 3 3'' sqr inches. 

Pi op. No 282. , 

6 The side AB of the rectangle = »=! 6", and tiro side AD=* 

l> = 2 1\ Each inch IS divided into 10 equal parts,*. AB is divided 
into 16x10 = 16 paits, and AD into 2 1x10 = 21 parts. The 
rectangle ABCD is divided into compartments each of which is = 
T<f ^ i'^^^hes. 

Now there are 16 rows of such sqrs along AB, and 21 lows 
along AD. \ the whole figuio ABCD contains 21 x 16 = 336 such 
squares ABCD contains j^ = 3 36 sqr, inches, The area = 2 1'' 
X 1 6" = 3 X 36 sqr inches. 

7 Tlie area of the figure is = a5 

° - * - . 

But a = 18 mehes, and & = 11 niotics. 
the area = 18x11 = 128 sq metres. 

8 The area of the leclangle is = aft 

But a = 7 ft , and & = 72 in oi^f = Gfts 

A the area = 7 x 6 = 4:2 sqr, ft 

9. The aiea of a rectangle = a X 3, 1 

But a= 2*3 km and 6 = 4 metres, as 1km. is =1000 ittotr6S» 
hence a= 2 5 X 1000 = 2500 moties. - ■ '1 

The area= 4 X 2500 = 10000 sqr metres. ' . - ‘ 

10. Aioa=ax6. Buta=J mile'' or — j inches and 6»* 

I inch. . , the area= j X 1 = 16840 sq. inches or IIO sq ft. 

11 The area=ox 6 = 30 sq cm. , but a=6 cm. 6*i-’^ = 3cm. 

Below IS given the figure ’ ‘ ~ 

Prop. No. 283. 

ABCD is the rectangle of which length AB = 6 cm. -of divided 
into 6 paits, 6 if Diultiphod by 5 produces 30. there afe 6 i‘o\vs 
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each containing 6 sqrs there aie 30 sqis each of w bich is «» 1 eq era. 

Prop. No 284. P«op No 285 • 

12 ^rea=.ox6 Bntnren«3 9 sq in. and breadth 6-16. 

H 9 

3 9 sq in»axl6 \ 6 cm, 

ABCD 18 the required rectangle of which length a« 2 6 cm and 
bi^idth 

But each inch contains 10 parts, so length a contains 26 parts, 
and breadth 6 contains 16 paits \ there are 26 x 15 « 390 com- * 
partments in the figure each of which is x sq in in area 
the area«^^ sq inches oi 3 9 sq in 

13 (i) When the length is tripled without alteiing the breadth, j 

the area becomes thicefold, for the area is repeated « 
three times, 

(it) But when length and breadth both are tripled the area 
becomes nine times, for we multiply both the dimensions 
of the figure by 3, which means three rows of squat es m 
the length three times 

ABCD IS the original figure, but when tripled in one direction 
it assumes the form and size of AEFD, which contains only three 
such figures as ABCD. But when this tripled form tripled again 
in the other dimensions it assumes the form and sue of AEGH 
Thus theie are three rows each containing thiee squares or 9 squares. 

Prop No 286. Prop. No. 287 

14. ABCD 18 a plan of a rectangular gaiden of which AB«a; 

^ 8 6", and AD « 6 « 2 5*^, but each inch « 10 yards AB « 36 yds 
and AD » 25 yds . The area » 36 y 25 =» 900 sq yds 

Now the area is made « 900 sq yds +300 sq. yds « 1200 sq. 

yaids, but the breadth remains 25 yds Then*a»f!!^ts* 
yds. — 48 yds as 10 yds — 1” ", 48 yds. — 4*8"’ in our plan. 

.* Tlie length of the new plan would be represented by 4 8", 

15 The length of the rectangular enclosure- 6 5 cm and the 
breadth » 4 6 cm But 1 cm, represents 20 metres 6"6 cm. ■* 6 5 
X 20 - 130 metres and 4 5 cm. - 4*3 x 20 » 90 meties. 
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Hence theJvrcnonxt-alliOxfiOM-llTOO pq. tnetm. 

16 The length, nnJ hrendth of n plan arc 4T> cm*i and 3 2 cm. 

the area » 4 5 x 3*2 « 14*40 fiq. cm«. Thus a plan of 14 4 sq cm, 
represents an area of 1440 sq jds, 

* 1 sq cm represents HIP sq. yds. or 100 sq jds 

. 1 cm represents 10 jds. and consequently the scale xs 1 cm, 
••10 yard?. 

17. Tlic scale being l^TslOOft and 1"* sq in »100* «q ft 
the area 52000 sq ft, can bo represented by 5*2 sq. inches, 
/. aroas=(i xi»» 5 2 sq in. 

Butff»3 2rr 6».ir -i-g' 

Then the brc.adth of the plan is»> 1 6*. 

18 First neglecting the gap on the upper side of the figxiro and 
the lap on the right side, the area of the figure would be *=20 x 30 
«3 600 sq ft 

Now taking the gap the area of which >=» 5 x 10 5() sq ft. and 
that of the lap being 5 x 10«.60 sq ft *. By subtracting the area 
of the gap and .idding that of the oxer lap we get the same result, 
for these areas are equal .* the area of the figure is 600 sq. ft. 

19. The area of the gap on the upper side being 24 x 12 « 288 
sq ft , and that of the extended pin t on the upper right hand cor* 
ncr being also the same, t. e., 34 x 1 2 «= 288 sq ft. 

by neglecting these equal addition and subtraction the area 
of the whole figure « 48 x 24 = 1152 sq ft. 

20 Area of the whole figure* 15 x 10 « 150 sq ft The area 
of the rectangular white space* (10 - 5) (15-0) « 50 sq ft This 
being subtracleil from the abo\e area of the figuio 150 sq. ft. - 50 
sq. ft. lea\ea 100 sq ft for the area of the shaded part of the figure. 

21 The length of the w:holo figure*? + 4 + 4*16 and the 
breadth = 4*5 + 4 + 4 * 12 5. 

the area of the figure 16x12 6*187*5 sq ft The area of 
the wliito space* 4 5 x 7 *31 6 sq. ft. which w’hen subtracted from 
the area of the whole figure 187 5 sq. ft Ica >08 the aioa of the shad* 
ed part «■ 156 sq. yards. 
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22 The whole length of- the figuie Wng 15 ft., from which 
ttabtr&c&ing the bioadth of the shaded part 5 ft. we get the length 
of the two wlute paibsa 10 ft. In the aimvlar way by avibti noting 
the breadth 6 ft flora the breadth of the whole figuie 12 ft wo get 
the biendth of the white pai'ts^T ft. 

. » the aieJi of the four w lute corners in the figure =* 7 x 70 »« 70 sq ft 
But the aiea of the whole figures 12 x 15 « 180 sq ft, 

, * the area of the shaded cioss» 180 — 70-= 110 sq ft 

30 — 18 

23. The length of each of the shaded corneis =» - — « 6 feet 
on — H 

and the breadth is = » 6 f t, 

\ the area of the 4 cornoi squaies-i4 x C x 6 « 144 sq ft and 
the aien of the middle shaded poition-* 18x8 = 144 sq ft which 
when added to the area of the foui shaded corners 144 sq ft gives 
the area of all the shaded paits= 144 + 144 = 288 sq ft 

24 The whole figuie is a square, its area = 12x12 = 144 sq 
ft But the middle shaded square is half of the whole figuie. 

the area of the shaded part» J of 144 = 72 sq ft 

25 The whole figuie is a rectangle The diagonals bisect it 
the shaded parts are equal to the white portion. Hence the area 

of the shaded pni ts = 4 ^f (10 x 15) = 76 sq feet 


PART II. 

Paqk 105, Theor 24 

1 The aiea of a parallelogram » base x height 

(t) Area = 6 6 cm x 4 cm = 22 sq. cm 

(tt) „ = 2 4" X 1 S'" = 3 6 sq inches. 

Piop No 287 

2 Make AB = 2 5\ At tlie point A make an L BAD = 65* 
Cut off AD « 1 3' Flora points B & D draw BG & DO parallel to AD 
and AB respectively Then ABCD is the requued parnllelogi am. 

Diaw DB a perpendicular from D on AB.- Meosuie DE which 
‘is found to be 1 37' nearly . ,^aiea= 1-37' x 2 6' = 3 425' sq in. 
‘npproxirabilely, because no perpendicular- can be eicactly found out 
Without the help of tngonometiy and logarithms The peipendicu- 
lar BF fiom B on AD is 2 28', md . , area= 1 6' x 2 28' « 3 42 «q m. 
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The aterAgeof the ttro areas being 


3*43r^3‘42' CS43’ 


3 4225* sq. in. 

Prep >’o 2«?. 

3 5 n'ctres are represented b} I ctn /. by ocale 30 mtrs, = 0 

cm , and 25 rntrs =o cm. AbCD i^ the parallelogram, AB=^6 cm. 
andAD«^5cni •ahilc L-A =-50’ I>K and BF are pcrpendiculam 
fro'o P and B on AB n’^d AD rtsj-eoti' e’y. DE «= 3 S cm and BF = 46 
cm in the plan or 19met»-e‘=nnd 23 metres respecti\ely. aieasare 
570 «q me’te*. and 575 metres Hence arerage of these i^^oareas— 


570-575 



572 5 sq. mctie« 


Pr'^p No. 289 

4 Area of r. para-llelogram ^base v heigiit 


*. height** 
If AD -2* 


area 4 2 -q in , 

_ *x ' =*10 

b^se H-S' 

the par.die’ogrim won'd bs a* given in the figure. 
Prop No 290 


5 Area of a jlmmbus** base x height .\ltitude* 


.3 86 «q in 


area. 

Li'C 


= 1 93*. Now the adjacent Sides and altitude being gi^ en. 


a rhombus can be drawn which is gi\eii in the figure ABCD 
The acute L.8 at A and C •= 70*. 


PABT II. 

V.\GZ 107, Tbeop. 25 

1. Area of a ^ lx ba«e x height. * area in 
(t) 24 ft. X 15 ft = 160' sq. ft. 

(ti) = i X 4 S" y 3-5' = 8-40* sq in. 

(iu) =1 X 160 jntr. X 125 mlr« =10000 sq metres 

Prop No 291. 

2 (i) In the £^Ji‘BC, AD. the perpendicular = 4*5 cm. 

,*.area*=ly 3-4 xS 4-=l4*2$ sq cm. 

Prop No 292. 

{it) The perpendicular on AC=5=6 1. ' 
area = ^ X 6‘1 X 5 «r 15 25 iq om. 
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Pi op No 293 

(ttt) The perpendiculai AD on BC ot & cm. 

.. aiea = Jx65x66«21 12 bq cm 
Pi op No 294 

3 ABC is a 1 1 Led ^ having C as rt L The area of a ^ 
^ X base x height In tins ^ AC is the perpendicular on BC, 

and , it IS the heiglit 

.The area of the A ABC=JxBOxAO now substituting 
their values The area= J x 6 x 6 •= 16 sq cm The hypotenuse AB 
E=Cs7 8cm and the perpendicular CD flora C on AB or e=>S8 
ora The nieat= ^ x38x78*=14 82 sq cm nearly The erior is « 
16- 14*82 *»*1 8 sq cm 

. The P C of eiror is«. 1P-9?L1?.= 1 2 sq cm 
Pi op No 295 

4 ABC is a rt Led A having a rt L at 0 

The ai ea = J X 4 6' X 2 8* = 6' 30' sq in. The hypt AB - 6 3', 
and the perpendicular CD from 0 on AB = 2 37'. 

.• Now area = J X 2 37' X 6 S'btB 28' sq in , The error is*« 
6 3 - 6 28s 02 sq in . P. C of eiror iss 31 sq in 

6 In a A» altitude = - — —or base « — . 

*”*’ ^ base altitutie 

(i) altitude- 4' inches 

(tt) base 6 5 cm. 

' ' 16cm 

Prop No. 296. 

6 ABC IS the required Ai winch BC — a — 3', AC - 5 — 2 8', 
and AB— 0 — 2 6' The perpendicular from A on BC — 2 23' 

. . the approximate area - 1 x 3' x 2 24' x 3 36” >• sq. in. 

PART II. 

Page 109 

^ On area of a Triangle, 

Prop No 297. 

I. (») XY IS 11 BO, and As XBC and YBC are on the same 
base BO, and between the same ||s XY and BO. 

. . . the XBC- the A YBO. [Theor ?6 ] ’ 
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(»i) The As BXY nnd CXY are on ono base XY and beu- 
■ween the same (js XY nnd BC. 

the A BXY = tlio A CXY. [Theor. 26.] 

(tu) The A BXY is proved to bo=tlio A CXY. Add the 
A AXY to both 

, . the w holo A ABY = the wljolo A ACX. 

(n*) Becauso tlio A BXY ■= the A CXY^ Ftom these equals 
take awn}’ the common A XKY, then the remaindei A 
BKX = the remainder A CKY. 

Prop Xo 298. 

2 ABC IS n A and D tlie middle point in BC Join AD. Then 
because BD = DC. The two A® ABD and ACD are on equal bases 
BD and DC, nnd betucen the same |[s BC and that drawn tliiougli 
A II BO. * the A ABD = the A ACD [Note Theor. 26 ] 

In ordei to divide the area of a A mto 3 equal parts, the base 
must be duided into three paits, nnd tlio points of section bo joined 
wnth the vci tet, Tlius the A '«'dl bo divided into three A^ of 
equal areas 

Prop. No. 299. 

3 ABCD IS a parallelogiam, AC and BD are its diagonals 
intei seating each olliei at E, and they bisect each other at K. 
[Theor 21, Coi 3] 

AE = ECand BE = ED. 

Xow' the A ABC = the A DBO, for they are on ono base BC 
nnd hetw een the Us AD and BC. From these take away the com- 
mon pai t BEC 

' the A AEB = thc A DEC 

In the same manner it can bo shewn that the A AED = the A 
BEC 

But the A AEB=aihe A AED, for they are on equal bases and 
between the same 1(8. the A AED=sthe A AEB or DEO, and 
hence all the four A^ AEB, AED, DEC and BEC are equal. 

Plop No. 300. 

4 Becauso BX=sXC The A BXY = the A CXY. [Tlicor. 26, 
Note] And for the same reason tlio A ABX ks» the A ACX.’ 



[Theor. 2G, Note.] Subtracting the former fi ora tbe latter tlie re* 
inainders are equal, ^ e , the ^ ABY « the A AOY. 

Prop No 801, 

6 The ^ ABO rathe /S^ADC [Theor 21 ] as they are on the 
same base AC, * their altitudes BP and DQ are equal [Conv. 
Corol , Theor 24 ] (i) and (w) since the ,^8 ADX and ABX on the 
same base AX, and similaily the 2^8 CDX and CBX on the base 
CX, and these /^s have equal altitudes BP and BQ, , , the A 
ADX ra^ ABX, and the ^ CDX CBX [Cor Theor, 24], 
■whether the point X be taken in AX or AC produced 

Prop No 303. 

6 ABC is a A D and E are the middle points in AB and 
AC Join DE DE shall he j) BC Join BE and CD As the 
metlian BE bisects the A ABC, the A ADCratho A DBC, and 
the median DO bisects the same A> the A AEB«the A ECB. 
Half of the same thing me equal the A DBG « the A ECB. 
But they are on the same base, /, DE is n BO [Tlieor. 27.] 

Prop. No 303, 

7. ABCD 18 a trapezium of which the side AD is B BC. E and 
P are the middle points in the oblique sides AB and DC Join EP. 

EP shall be H AD and BO. Prom A draw AH n DO, and cuttinc 
EP at (J. 


As proved in the exor. 11 it can ho proved that EP is ij AD 
or BO, 

Prop No 304, 

8 In th» pnrelWosron ABCD, AD.BC,ma thepotolX 
W, AD Y btort. BO. .• AX=BY„rOr. thepa..]- 
lelogram AY ra the pnrollelogram DY, 

■ AT h Wt of ABCD But ftp d,.so„.l BX 

BAB » L'”a Pwtoorbtaeotsit. TI. 0 AXAB .s-thoA 

ZAB or tho A ZAB. MM tboy »,o on tbo MmobosoAB aS 
between the same parallels AB and XY2'. 

. . the A AZB or AZ'B is also half of 
t. e , one fourth of the whole figure ABCD, 


the paiallelogram AY, 



( 83 ) 

# 

Plop. No 300. 

0. Since the A BYC, and the pavallclogrnm ABCD are on tUo 
Bame base BC, and botMcen the same || s AD and BC. 

. . the aBYC is half of the parallclogi am ABCD. fTheor. 25 ] 
In the &.«nc mannci the A AXB is h.ilf of ABCD. 

the ABYC»tho A AXB 

Prop No. 300. 

10. Tluough P draw OPQ il AB .and DC. Tlien because tho 
AAPB^hilf of the pai.iUelogt.am BO, [Theoi 25] and the A 
DPO=shalf of the paiallologiam CO [Thcoi. 25] But tho two 
hguies BO and CO « tho whole liguie ABCD. 

.‘.the two A'^ APB and DPC aie together *= half the wholo 
paiallclograra ABCD. 

PART IL 
Paoj. UO 

On area of Tnangles> 

Pi op No 307, 

1. ABC IS a plan of a tiiangulai field, AB<= 1*0”, AC»«2'' and 
BC=r3 7- 

From A draw AD perpendicular on BC. AD » 0*68. tho 
area of the pl.m ABC= J x 68" x 3 7"= 1 *258" sq inches. Tho aiea 
of the field *= 4 x 370 x 68 >=i 12580 sq yds 

Prop No 308. 

2 ABC is the plan of a tuangulai enclosure in which AB=*6‘2 
cm., BCs=7*3 cm. included L. ABC =*45”. AD the perpendicular 
from A upon BC* 4 4 cm. 

*, the area of tho plan = 4 X 4 *4 x 7*2 * 1 5 84 sq cm 
And the area of the cnclosuro=4x 144x8S« 6336 sq, metres. 

Prop. No 309, 

3. Aieaofthe A ABC = 6 6sq cm, and tho basoBC=6‘o 

cm. tbo altitude* - J - p - * 2 ‘4 cm. The locus of tho voitex A of 

1 / 

tlio A ABC IS thcicfore tho hue drawm through tho point A [( tho baao 

BC, 01 a lino on oithei side of BO n it and at a distance* 2 4 cm. 

Now in the A ABC, BC = 5 5 cm , BA *2 6 cm,, and the altitude 
AD=»2 4 cm. 

, , AC *52 tin 
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Prop No 310 

The area o£ the A ABC »= 3 06 sq in , and BO = a = 

^ onx !! 

Then the altitude AD *» — g — =2 04" The locus theiefore of A 

18 a st line at a distance of 2 04 cm and 0 BC 

Now^ in the A ABC, BC=s3" AD = 2 04" and the L C»6S® 

• By measuicment AO or 6 « 2 22" 

Prop No 311 (^), (%t), (iit)y (iv), ('i'i)f and (vit) 

5 (%) When the L ABCs^O®, AB and BO coincide, ^nd con- 
sequently there is no A? and hence area«0 
{ti) AB makes with BO an L- = 30® The altitude AD from 
A on BC = 2'5 cm 

\ the area of A ABC = Jx25x6~75sq cm, 

(wt) The L ABC « 60", and AD«4 3 cm 

the area of A ABC= |x43x6=sl29sq cm 
(tv) The L AECsaOO", t c, AB becomes altitude , the area 
X 5 X 6s= 13 sq cm 

(v) Tlie L. ABC =*120'*, the altitude AD on BC produced «= 

4 3 cm / the area of the A ABC» Jx 4 3 x 6« 12*9 
sq cm, 

(vt) The L ABC =150®, and AD = 2 6 cm 
• the nrea=^x2 5 X 6 = 7 5 cm 

\viv) Here the L ABC becomes 180" or = 2 rt Ls * AB 


and BO aie in one st line, hence no A arenas 0 


Angle 

0* & 180’ 

1 

30’ & 150’ 

60 ’ & 120* 

90’ 

Base BC 

6 cm 

6 cm 

6 cm 

6 cm 

Altitude AD 

0 

2 5 cm 

4 3 cm 

1 

5 cm 

Area of theAABC 

^ i 

0 

7 5 aq cm 

|12*9 aq cm 

15 sq cm. 
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Theoretically. 

Pi op No 311. 

6 ABC and DEF are A** having the two sides AB and AO o£ 
the one = the two sides DE and DF of the other, and the L. BAO 
Bupplementaiy to the L. EDF Produce BA to G, and make AG=> 
AB. Join QC Then because AG and AG « DE and DP respec- 
tnely, and [_ GAC = the L EDF, for each of the Ls GAC and 
EDF IS supplementary to the 1_ BAO the A Gf-A.Ca=the A 
EDF [Theor 4] But the A Gr AC =s the A BAC, because they 
are on equal bases and betn een the same parallels [Theor. 26.] 
/. the A ABC = the A DEF. 

Such As can be identically equal if the l_s contained by equal 
Sides are rt l_s, i e , the | s BAC and EDF are rt L.s. 

Piop No 312. 

7 Let ABC bo a A> it is lequired to diaw an isosc A 00 
the base BCi=>the A ABC 

Bisect BO at D From D in BC diaw DE nt rt. Ls to BO. 
Through A diaw AEF || BC meeting DE at E Join EB and 
EC Then EBC is the required isosc A- 

Since the As ABO and EBC are on the same base BC, and 
between the same Ijs BC and AF, the A ABO the A EBO. 
[Theor 26 ] 

Piop No 313 

8 ABCD IS a four-sided figuie, and EFGH is a parallelogram 
formed by joining the middle points E, F, G and H in the four sides 
AB, BC, CD, and DA Then the aiea of the parallelogram EFGH 
18 half of the figure ABCD. Join AC, and from D draw DM alti- 
tude on AO. Then because in the A ADC the st. lino HG joins 
the middle points G and H in DC and DA. GH I*! il and half of 
the base AC, and it also bisects DM at 0 The area of tiiangle ADO 

X ACx DM 

And the area of the pai allologram IIKLG = KLXOM or ^AC x 
JDM = ^ X AC X DM *. the area of the parallelogram HKLG *« ^ the 
area of the A ADO, 

In the same manner by drawing BN perpendicular to AO, it can 
be shewn that the aiea of the parallelogram IEKLF ^ the area of 
the A ABC, 
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the area of the parallelogram EFGH * ^ the area of the quad* 
nlateial ABCD 

Plop No 3U, 

B EQ 18 II BO .* the A EBQ«the A SCQ [Theor 26 ] 
From these equals lake away RXQ, then the remainder A RXB => 
the remainder A QXC Again the A AQB « the A CQB, for they 
are on equal bases AQ and CQ and having the same altitude. [Cor. 
Theor 26 ] Now fiom the A AQB take away EXB, and from the 
ACQB take away the A QXC, then the remainder AQXR = the 

abxc 

Plop No 315. 

10 ABC and DCB are t\\ o equal A** on the base BO, but on op- 
posite Bides of BC, join AD. Then AD shall be bisected by BC, at 6 
From A and D draw AE and or BC pioduced, DF peipendioulars 
to BC or BC produced Then because the As ABC and DCB are 
equal and on the same base BC, then altitudes AE and DF are 
also equal, for ai ea of A =* i x base X height. 

Now in the As AEU- and DFQ, the L_ AEG =» the L. DFG, 
being rt Ls, and the L. AGE ■= the L, DGF, [Theor 3 ,] and one 
Bide AE » the one side DG 

. AG-DG[Theoi 17] 

PART 11. 

Paqb 111 

To be attempted after Theor 29. 

Prop No 316 

1 . o«20ft,6«13ft., c = llft. 

p® —a®, p® “(o -a:j* 
c® - x'* = 6® - (a - x)® 

11* - X® = 13® -’(20 - x)® « 169 - 400 + 40 x 
• 40x» 352 

Now c* - X® -p® 01 p® = 121- 78*3225 « 42*6775 JiSZTit 

••6'64 ft 

area «ixaxj!?«sjxf§x6 54«=»66 4fiq ft 

2 , a*14, 6 «s 16^ yds 

28x«l69-29 -140 .'. a;?.Vj|**5 yds, ^ 
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l?owp9-lG9-25-144 ; jds. 

nrea« 12 X U«S1 sq yds. 
aa21nij 6 = 20ni, c^lSwi 
c=~a.= -6--*(a-i:)- 
169~a^ = 400-441+ 12a:- »' 

/. 42'K = 210.*.a.-=>5jn 

and ;>= J i 12m -nrea = 4 x 21 x 12 = 126 sq m. 

4 o = 50cm, h = 2~jcm, c -= 1 1 cm 
c- «= 625 — 900 + GOr 

60x= 121 + 275 « 396 /. x = -\V *=‘ 6cm. 

Ko\% r)i>*=8 Sc»i 

nrca= ^ x 30 x 8 8 = 132 sq era. 

5. 0*387 ft,, J = .30 ft, c«=13 ft 

C® — X" «=s 5* — (o — a )^ 

169 = 900-1 369 + 7 lx or 74x= 638. 

/ a: = J.Y-«8 62 ft 
;)« .yio‘t-74 ,n,i=*9 73 ft neaily 
niea=J. x37x9 73 = 180 2 sq, ft. neatly. 

6. o = 51m, i = ,37m, c = 20m. 

400 « 1369- 2601 + 102x, 102a»1632. 

Kon p =3 .^/ 4 (ju- 2 otj =» 1 2m 

urea = Jxl2x51= 306 8q m, 

7. (j) >sl)” - (a-v)^ or c® -a,® =» -a® + 2ax-**. 

,* 2nx=o® +«® -i®. 

. *. c®+o®-A® 

, , it « — — 

(ti) |)® = c® — a®, fay substituting the value of x vre get 
«8 .,2 /c= + o=-i=\® 

Resolving into factois the right liand term becomes. 

(« - (“ + 
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1= - c* - o= + a™ ^ o’ + e’ -h‘ + tlac 

Ja 2u 


=_L(6«_[a-o]2) ([a + cf-b^) 

= -i-(6 -0 + 0} {b + a -c) (a + c + &) (a + c — 6) 

4a2 

5 (6-0 + c) (5 + a-c) (a + c + b) (a + r-b) 


„ ^ _ j(b-a + c) {a + b-c) {a + b + c) (a+o-b) 
^ Y 4a- 


/.Aieans^ ypxa 

= X ^ >J{b + c ~a) {a + b -c) {a + b + c) {a-i c-b) 
'=ta/(« + 6 + c) (a + c-6) (a + J-c) (b + c-a) 


PART II 

Page 113, Theorem 28 

1 Area of a trapezium =■ (o + 6) 

0=3 3", 6 = 4 7''and‘X=l 6" 

area=;Jxl5"x(3 3''+4 7''; = 6'8q in. 

2 Area of a quadnlateralas^x diagonal x sum of oflsets. 
Diagonal AC>= 17 ft and sum of offsets = 11 + 9 = 20 ft 

area= J X 17 X 20 = 170 sq ft 

3 Diagonal AC = 8 2 cm sum of offsets being 3 4 + 2*6 cm = 
6 cm 

area=^x 8 2 X 6 = 24 6 sq cm 
"When 1 cm represents 6 metres, then 1 sq cm repre- 
sents 25 sq metres . the area = 26 x 24 6 = 616 0 sq 
-metres 

Prop No 317. 

4. Diagonal BD=4 2", sum of off?ets AE and CP = 2 4" x 1 6* 
= 4" 

Area=Jx42x4 = 84''sq in. 

Prop No 318 

5 The L_ DAB = 90* or a it, 1_. Hence diagonal BD» 
V7 7' x3 b“=85 cm. / » , 
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By measxrrement the L at C is also a rt (_.» tir by’ calculationr 
fiom the Bides BC and CD find BD= »/6 8" x 5 hence 

also the L. C is a rt L. 

the area of the whole figure is the sum of the area of two 
rt. Led As 

A ABD X 7*7 X 3*6 — 12 06 sq cm. 

A BCD = Jx 68x51 = 17 34 „ 

Sara = 29 40 

By dra\«ing perpendiculais AE and CF on BD and measuring 
them they are found 3 2 cm and 4*1 cm respectively. 

The area of the whole figure = 5x85x73 = 31 02 sq^ cm. 

Flop No 31 9> 

6 ABCD is the required trapezium in full size Measure CD* 
which 13 = 2", and from C diop a perpendicular CE on AB, on mea- 
suiement it is found to be 1 75", Now apply the formulte for the- 
area of a trapezium, 4 x 6 x (o + J) 

Here 6 = 1 75", “o =2", 6 = 4^", 

The area= 4 x 1 75 x 6 = 5 25" sq fn. 

Pi op No 320, 

T In the trapezium ABCD, let fall DE a perpendicular from I> 
on AB which = 4 cm. by measure 

the area =5^ ('’^+6) 

= 5x4x12 
= 24 sq cm. 

8 When the diagonals are at rt Lsj one of the diagonals be- 
comes ofeets of the other, ,*■. the area of a quadrilateral =5 ^ diago- 
nal®. 

9 When the given diagonals intersect each other at a gi\en L 
the sum of the offsets is constant, wheiever they may cut each other 
and consequently the area of the figure is the same. 

PART ir. ' ' 

Page 116, 

Prop. No. 321, 

1. (i) Area of the A ADE=4 x 3 x 5 = 7 5 sq cm. 

„ I, „ DAC=|x4x 6 = 13 sq cm.. 

,» » n ABO = 5 X 2^x 6 s* j5 sq, cm. m 
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The area o£ the ■whole figure ABCDE>=25 5 aq cmt' 

Prop No 822 ’ 

(li) The ^ ABD 18 equilateral and its area=<J_x 5*2x6^ 
15^6 sq cm In order to find the area o£ the figure 
ABODE, it 18 neoessaiy to add the atea of the ^ BDQ 
B ^ X I X 6 3 8q cm to the area of the A ABD, and 
subtract that of the ADEbJxI x6b 3 sq cm be- 
cauRe the chain line'AD falls outside the fignie 

the area of the figure =« 25 6 + 3 - 3 sq cm^ *= 25 5 sq. 
cm 

2. (i) The figure ABDE is a square, its area = 2 5' x 2 5 *b 
6*25' sq in and the area of A DBG =» ^ x 2 1 6 x 2*5 = 2 7 sq. in. 

.* the area of the figure ABCDE= 8 95' sq. in 
(u) Area of the ^ AXD b^x26x 1 25 »1 5625 sq in 
„ „ „ CYB=>:Jx2xl 75 b 1 75 sq in 

„ „ trap DXTC = Jx276x45b 6*1875 sq in. 

the area of the whole figure « 9 5 sq cm. 

Prop. No 323 

3 In the accompanying figure ABODEP, 

area of the tnangle ABO ^ x 50 x 180 «= 4500 sq in. 

„ „ ‘ „ AXFb^xSOx 60= 1500 „ 

„ „ „ CZD = Jx30x 80= 1200 „ 

„ „ trap m PXTEbJx 70x100** 3500 „ 

„ „ „ EYZDbJx 30x120= 1800 „ 

the area of the ■whole figure = 12500 


PART II 

• Page 116 — TheoretioaIiI.t. 

Prop No 324 

1* (») Q» Ki and S are the middle points of AB, BC, CD 
and DA respectnely Join PQ, QR, RS, and PS. Then 
because AP = PE = CR=DR, and AS = SD = BQ = QO, 
and the Ls at A, B, 0, and D are rt. Ls, the .four 
A® ASP, DSB, PQB, and RQC aie equal to'on6 another 
m all.i;e^eots,> [Theory 4.^ -■ i 
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the sides PS, PQ, QR and RS ava equal to one 
nnocher, the figure PQRS is a rhombus. 
x«) Join PR .and QS. Then PR is pai\allol nnd equal to AD 
and BC, nnd SQ is {| and =* Al) and DC, ^ 

But tho area of a rectangle <«ht x baso^ 

/. the area of the lectanglo ABCD « St^R. 

But SQ and PR are tho diagonals of tho the rhombus 
PQRS, the ai ca of the rhombus ^ x PR x QS . ' 

/.the area of tho rhombus PQRS IS half of the rect- 
angle^ 

Yes. It is true for all quadrilaterals ivlioso’ diagonals 
bisect at rt. angles 

In the accompanying rhombus the diagonals PR and 
QS intersect each other at rt. angles 
The area of the A PSR ^ x SO x PR. 

„ „ PQR « ^ X OQ X PR. 

Adding these tho aiea of tho ihorabus**^ (SO + OQ) PR 
^ X SQ X PR 

Prop No. 325. 

2. ABCD IS a parallclogi am and BD is its diagonal and E 
iho middle point in BO Tlirough E diaw any lino PG meeting 
AD at F, and BC at G 

Now tho A ADB = tho A^RD, and tho A FED « tho A CEB 
(Tlieor 17] the rcraaindcr ADEFs=CDEG Add the A O’ER 
to the former and the A PED to tho luttci. tho figuie ABGF 
«* the Gguro CDFG , i c , the parallclogrAm ABCD is divided into 
two equal parts 

Thcrefotc any st line drawn through the middle point in a 
diagonal bisects the parallelogram 

Hence, (i) Join tho given point P \vith the middle poinli E 
produce EP both w ays to meet AD and BO at X and Y respective- 
ly, the lino XEY bisects tho parallelogram. 

(tt) From the point E draw EL perpendicular to AB and pro- 
duce LE to meet *00 at M, the st lino LEH bisects the figure 
(ill) QR IS a given at. line Through the point E draw’ Q'ER' jj- 
QR meeting AD and BO at Q' and R' respectively 

.. the st Imo Q'ER' bisects the piyrallelogiap^, , 
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* Prop No 326, - * 

3, (i) By the help o! Thcor 17 at can be p^o^ed that the 

PXB:=tlie A QXC Therefore by adding the A' QXO 
to the trapezium and taking away the A PXB from it, 
the trapezium ABCD becomes the paiallclogram APQD. 

Hence tiapezium ABCDs=pnrm APQD 

(«) The area of the A AXD*^ the area of the parm, 
APQD [Theor 25] 

theAAXD = 4of the tiapczium ABCD or the 
trapezium twice the A AXD, 

Prop No 327 

4 ABCD 28 a quadnlateial of which the diagonals AC and 
BD cut each oilier at rt Ls, AC«=2 5" and BD«3'^ 

the area of ABCD» J x 2 5 x 3 = 3 3" sq in Now in the 
accompanying two figures of a quadiilateral m (i) the diagonals 
bisect each other at rt Ls, and in (ti) they cut each other at rt 
Ls, but do not bisect each other, but the area remains the same 
Suppose they cut each other at O 

Then the area of A ABD = J x AO x BD. 
and „ „ BCD = x CO x BD 

sum of these = i x BD (AO + CO) 

= ^ X BD X AC 

Hence the rule that when the diagonals of a quadrilateral cut 
at rt Ls, the area « half of the product of the tw o diagonals, whether 
the diagonals bisect each other or not 

Prop No 328 

6 Draw AB = 8cra From A draw AE at rt La to AB, 
making AE=3 cm Through the point E draw the st line DEC Q 
AB From the contie A with a radius = 3 2 cm draw an arc cutting 
DC at D Join AD Then from the point B, diaw BO fl AD, 
ABCD IS the required parallelogram, aiea of the paiallelogram 
ABCD = 8x 3*3 24 sq cm 

ttiepeipendicuki CF on AD flora C«f lya: 7.5 cm. By 
mcasuiement also 0F = 7 5 cm ^ 
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. Prop yo S29 

6 Dr.w* *i St Imo AB - 2 n', from centre A n rntlius •- 
V7’ hnlf of one djigonil dn« n,n tvre, sntl from the centre B %\iih a 
»ndiu?« !* 2 ’ h^lf the oth^r du*/on'»l draw another ore cutlinp the 
former at H Produce AE to C tnahmi; EC»- AE, and nJso produce 
BIj to D making EDr; BC. Jo.n DC, AD and BC. Tlicn ABCD 
i*5 the rcquittxi pnrollelogrim. 

In order to determine the 8re*i of the parallelopram, the perpen* 
diculnr distance t>n either of the adjacent sides ABorADxhould 
be known Draw DF perpendicular to AB iiud measure it out. 
In this e.'i*e PF *• IM4’. 

nre.a of ABCD » 1 ft y £ 3 6 '<q in. 

7 ABCD t' a para]lcbzr.am on the fised ba^e AB, and EABP 
another par.dleI03r.am on AB of equal are,a with ABCD, f, c , ort the 
sams ha«e AB and between the ‘ame parallels BC and DF 

Join AC and Bt) the two diagonals cut tine each othei at K. Al- 
to jom EB and AF diagonal* cutting each other at M. Join K.^£ 
as the diaponal* o* a parallelognini hi<‘ecl each other AK *- KC, DKl 
tar KB and EM nMB and AM-=-MF. yow in the DBE, ilio sides 
DB i« b:<ectcti at K and EB is hl'fclcd at M. 

*. the sU hue KM joniing tliem is p the htL«c DE or DF. 

tt," loros of the tf5tcr!'’clion the par.allelopram’s diagonals is 
the St, line to the fised ba«o AB, drawn from the point of the in- 
tersection of the diagonale 


PABT II 
Paoe U7. 

Prop. Ko 330, 

E By measurement AB is found to be 5 cm, 

.* the area of the square on AB« 3’ «»»25 sq cm. 

Prop yo. 331. 

2. Draw a hue BC « 2 4". At C draw CA at rt L.** to BC, 
making AC«»1". Join AB Then ABC is the required The 


hrpotonuco AB** ,,/l* + 24s«2 6‘* and tho nrc.a »» x 1* x C*!" » 1 ■2” 
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«q, in. By tueasurement AB=.2 G", and the aiea of the square 
on, AB*«2'6* = 6 7&" sq, in. 

, Prop. No 332. 

t 3. (tta 15, and c=«17 
Now cSa 17x17 ='289. 
o*»15 X 15 = 225 
51 = 8x8 = 64 

,.a*+5*=289, Bute* =4 289 

,, o* + 6*=c* = 289. . 


PART ir. 

Page 121. 

’ Prop. No 333. 

1. (i) a = 3 otn , 6 = 4 cm 

Bub c® = a® + 6® cs 3® + 4® = 25. 

.*1 c= .^“16 = 5 cm 

By measurement also, 6 is found 5 em. 

Prop No 334. 

(tQ G = 2 5 cm , and 5 = 6 cm 
But =a® +Z»® 

= 2*5 X 2*5 + 6 X 6, 

= 42 25. 

. . c = 42 2*1 = 6 5 cm. 

* On measurujg AB is found just 6*5 cm. 

Prop. No. 335 

(in) 0=1*2*, 5 = 35* 

c®=o®+6» = l‘2® + 3*55 
= 7*44 + 12*25. 

= 13 69 

.\c= >^r?09*=3*7*. 

On measurement AB is found = 3 7* 

Pi op No. 336. 

2. (t) t)taw AB = 0=3*4* 

1l 

Upon AB desciibe a semi circle ACB Prom the cehtre 
B aith a radius = 3* draw an arc cutting the semiciiole 
- - - - at C join AO and BC. - ‘ • v 
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Then ABC i** the required 

' ^ . AB or e»» 3 t”, and BC or a 3* j 

. Hut c“ «n- 4-f»* ' 

ot ' . 1 

..:U»-3=*.2:i6c6» 

’ Jti ” 1 6 

This icsult IS also loiifiecl hj* moisurcmont ot AC. 

Prop. Xo 337. 

(i*i) Conetnift tho ABC bj the method explained nboio 
e « 5 3 cm , i -> 1 •.*» cm. 

Xott C' rsas q-i« or c" -i* wa* 

(c-fc)(c4 

Hence (rv3 - 4 5) 3 + 4-5) « a* 

ora*ta SxS'Sif 7 84 
,’,a *• Cl ra 2 8 cm 
On uic"suijn" BC it is found«2 8 cm. 

Piop Xo 33S, 

3 AB IS a ladder iihose one end .V reaches tho indoiv-siU 40 
ft ht^th ftom tho ground BC. B tho foot of the ladder is 0 it from 
tho s\aU AC 

the ladder AB« + 1J(J=> « ^4u-+y» « ..yiGST 

AB«4l ft. 

Prop. Ho 339. 

4 A Filip started from A southward and sailed 33 miles then 
reaching C sho turned hei com so duo west and sailed 456 miles. 

Her distance at B from A » ^/33« + 56= « 65 miles. 

Prop Xo 340. 

5 A 18 the signal station from which two ships B and C are 
obsortod to bear icspectivoly X. E. at a distnnto of C km, and N> 

W, at a distance of 1*1 km. now it w required to And out PC tho 
distance betuten them. 

The L of bearing at A between both tho ships » 90*. 

Then AC® + AB®=-DC® or 1*1® + 6® asBC®. 
t BC» »/3T2T*»6 1 km. 
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Prop No 341 

6 AB tt ladder &3 ft. long one end of whiofr rests against 
a wall AC 63 ft high The distance BC of the other foot B of the- 
1 odder frcm the wall is to be known 

Now in the rt Led A ACB, AC = 63 st and AB the hypote- 
nuse =65 ft. 

. BC= .^65* - 53* = 7254 128 »= 16 ft> 

Prop No. 342. 

7 a =55 metres, 5 = 73 metres 

6® =i o'^ + c®, oi 6® — a® = 0 * 

Then c® » (5 - a) (6 + fl) 

«=l8x 1?8 = 2304. 
c = = 48 metres 

Prop No. 343 

8 A man travels fiom A 27 miles due South to B, and then 
24 miles due West to C , luially 20 miles duo North to D Join AD,, 
and from D draw D£ || BC. 

Now CD t= BE = 20 miles 

AE=27-20 = 7 and DE=>BC = 24 miles 

Then in the rt angled A ADE, AE = 7 miles, and DE = 24 miles. 

. AD ■«* J'l* +24-' = Vbl5 = 25 miles. 

Prop No 344 

9 Piom A draw AF ll BC meeting CD at P, and from E draw 
EG D CD meeting AF at G 

Now CB = AF => 60 metres , and GE = DF = 80 - 25 = 66 metres , 
and AG=60-12 = 48 metres, for DE=1*'6 

In the A AGE, the L G is a 1 1 L, and GE and AG are known. 
.. AE= <s/o6® + 48®= ^/ 632 S = 73 moties. 

Prop No 346. 

10. AC a ladder 60 ft long reaches the wall AB at A, a point 
48 ft. from the ground BD, and by turning tbe ladder on its other 
end C over -'to the other side of the street it reaches a point E, 14 
ft. high m the opposite wall DE. > 

There the two rt angled As ABC and EDC, the La at D and 
Bare rt La, and tbe ladder forms the hypotenuse in both the Aa, 
and the walls as one side, then of the other sides or the two<parts 
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DC ftnd BC of the street BD DC=: -J5Q- - U® aod 

t 

BC= VAC---AB- = ^/50- -Jb-5 

BD= V13C“-DE-»+ ^/AC--AB- 

= VuO- — n- + >Jo\} --is - =48 + 14 = 62 ft. 


PART II 

Page 123, Theor 29, 30 
Pi op. Ko 346 

1 ABCD IS a square, and AC a diagonal. Then AC® = AB® -t- 
BC® But A B = BC, and AB® = BC® AC® = 2 AB® and the 
figure ABCD = AR®. 

*, AC® = twice the figuie ABCD, i e , the square on the diagonal 
IS equal to double of the gi\en square. 

Pi op No 347. 

2 . AB = c, BC = «, AC = 4, and AD = p 
= AB® - BD 2 = c 2 - BD2 
7.2 = AC® - DCS = is _ DC® 
cl - BD 2 = is - DC® 
or c 2 - fis = BD 2 -DC 2 . 

Pi op No 348. 

3 Join OA, OB and OC 

Then because OA® = AZ® + OZ® =■ AY® + OY® and 
OB® =BX® +0X2 +oza 
OC® =CY2 -rOY® =CX2 +0X2 
’ by adding these togethei 

O A® T OB 2 + OC® = AZ® + OZ 2 + BX 2 + OX® + CY® + 0 Y®- 
= AY® + OY 2 + BZ 2 + OZ 2 + CX® + 0 X 2 
. . AZ 2 + BX 2 + CY® + OZ® + OX® + OT® = AY® + BZ® + 

CX® + OY® + OZ2+OX8 

Now taking away common 0X2+ OY®+OZ® fiom these equals 
theie lemains AZ® + BX® + CY"® = AY® + BZ® + CX®. 

PART II 

Page 123, Theor. 29, 30. 

Prop No. 349,* 

4, The L. A IS a rt L. 
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/ bc®«ab*+ac* 

BC* + PQ* «= AB* + AC* + AP* + AQ® and PQ* « AP* + AQ* 
But PC* » AC* + AP* and BQ* =. AB* + AQ* 

\ BC*+PQ*»PC*+BQ*, 

Prop No 350. 

6 ABO is a rt Led A. the L A being the rt Li BD and CE 
are the two medians from the acute La B and C 

Now BD2=.AB* + AD*, 4BD*«4AB* + 4AD* and EC*« 
AC*+AE*, 4EC* = 4AC2 + 4AE* By adding 

4 BD®+ 4 CEs« 4 AB*+ 4 AC®+ 4 AD*+ 4 AE*. 

But BE>*> AE( and AD«BC. 

BE*»AE*, and AD*»DC» 

, 4AE*»A3*. and 4AD*=-AC* 
by substituting AB* and AC* for 4AEs and 4ADs 
4BDS + 4CE* - 4 AB* + 4 AC* + AB* + AC* ■= 5 AB* + 5 AC* 

But AB* + AC*»BG* 

4BD* + 4CEs«5BCa 

Prop No 331 

6, ABCD and EFQH are the two given squares, Draw a st. 
line OPwEP one side of the square EF6H. From 0 draw OQ at 
rt La to OP, and make OQbi AB one side of tho square ABCD,. 
Join QP. Upon QP describe a square QPYX Now QP* « OQ* + 

OP* QPYX IS the square on QP QPYX « ABCD + BFGH. 

Prop No 362 

T Lot ABCD and EFGH bo the two squaies ns in the last prO' 
ceding exercise. In the square EFGH describe a semi-oircle FOG on 
one side FG "With F as centre and radius ^AB one side of the 
smaller square draw an arc cutting the seroi-oircle at D Join FO 
and GO. On OG describe a square OQ Then OQ =iFG* - FO* 
Because the L FOG is a rt L FG* = FO* + OQ*. 

But F0*=»tb6 square ABCD, and FG*=.tbe squaro EFGH. 
the square OQ a square EG-sq AO, 

^ Prop No. 353. 

8. AB IS tho given st.line At A make an LB AC® quarter of a 
rt L. From B draw BC at rt. La to AB meeting AC at C At the 
point C in AC make on L AOD ® the L A, tho side CD meeting AB 
at D, The at. line AB is divided at B, such that AD*= 2BD*. 
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Beeaus© the L BAC*= the L. AGD, AD = OD, and tii© extr. L. 
<3DB«=t\vo inter L^a DAO and AOD, But each of the L.8 DAO 
and AOD ih J of a 1 1. \ the exti\ ODB ^ a rt L» 

A BC-BD. 

NowAD=*GD, AD*— CD*. But CD* = BC* + BD*» 
AD*-CD»^BC*+BD*=2BD* 

. . AB 18 divided at D so tliat AD* = 2BD** 

Prop No. 354. Prop. No. 356 

^9. AB 1 © the given st. line, and CE the given squaie It is 
required to divide AB into such two parts that the squares on 
those two parts is equal to the given squaie 

From the centre A with a radius =» the side of the given square, 
describe an arc XO At B in AB make an L. ABO « ^ the rt. L.. 
The arm BO meeting the -aio OX if possiblh at D and X. Join 
AO, -and from 0 draw perpendiculars OP on AB. AB is divided at 
P so that AP* + BP* = square CE 

Then because L.s at P are rt L-S, and the L-, B is half a rt t_. 
the L_ BOP =* ^ a it. L. and BP » OP-. But AO* = AP* + OP* for 
OPA is a it Led A> and AO*:i=figai6 CE and OP*=BP*. 

. . the square CE - AP* + BP*. 

If from X the other pomt where BX cuts the arc, perpendicular 
XY be drawn on AB then as shown above the square CE^=s AY* + 
BY* 

In case any of the perpendiculars OP or XY falls on AB produced 
then AB can be said to be extoinallj’^ so divided. 

Theie is another case where BO does not reach the arc, and 
then AB cannot be divided 

Prop No 366 

10. (i) a»+52^=c* 1 4* + 48* « 50* 196* +2304 « 2000. ' 

This case foims a rt L-ed 

<ir) 40* + 10*«41*. 1600 + 100*= 1681. 

, This case does not foim a rt. Led 
<im) 20* + 99* = 101* 400 + 9801 = 10201 
Tins IS also a case of rt Led A 

Prop No -m 

11. In the A ABC, the side AC = the side CB and L 0 is a rt L^ 
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.* AB* =» AO® + BC* 01 = 2 AC*, 

% 

ADEB IS the square on ABj and ACFG is the square on AC 
Join AE, BD, and CG The whole fiquie BD is dnidcd into four 
equal parts by the diagonals AE and BD The A ABCs:athe A 
CG A, and the A ABC « the A ABO the A CG A the A ABO. 

• But the square CG— twice the A CGA and the squnic BD=3 
four times the A ABO 

the squaie BD « twice the square CG "When AC ^ BC = 2", 
AB== ^r+4 = 2 83", and by measurement AB is found ncailj 2 83"- 

Prop No 357, 

12 AG = 6 cm is the diagonal, it is required to dcsciibe tho 
isquare of which it is a diagonal Bisect AC at 0, fiom 0 diaw OD 
at rt Ls to AC, and produce DO to B, making OD and OB = AO 
or OC Join AB, BC, CD, and AD Then ABCD is the requiied 
square 

As the L AOB is a rt L, • AB « ^AO^+OB- « J 2 AO^ « 

^18“ «= 2 24: cm 

On measurement 2 3 cm neatly 

Aiea of tne figiue ABCD *=‘2x^x3x6 = lSsq cm 

13 In the Problem it is shown that if 0P*=0A«1, then PA^ 

=:0P^ + 0A^*=l + l-2 / PA= T , the diagonal PA of a 

square whose side OP=:OA« 1, is Then it is clear that if tho 
gi\en side of a square be multiplied by J2 it becomes equal to the 
diagonal of the square. 

the diagonal of a square whose side xs 50 metres n 50 x ,JT 
metres =70 7 metres 

Pi op No. 358 

14 ABC is an equil Aj each side of which = 2 m AD is a 
perpendicular from the \ertex A on the base BC £DbDCs= 7 ?z 
AD N ow = (27 w) 2 — or 4in- - m- = 3m2 

2?= jSnis = ^3 X wi 

Suppose each side =8 cm then p tag 928 cm 

By drawing another equilatcial A ABC having each side equal 
to 8 cm. and then measuring AD the altitude, it is found neaily 
6 9 cm. 
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Prop No 369. 

15, a — m” -n", h~2mn, and c=>ni®+n® Now (ni®-M®)®ssr 
m* — 2?«-n" +7i*. 

.* a~ =??i* +7t*, and b- ^ini'n- adding these two • 


•a~ +b- =7ft* -2m-n" +7i‘‘ +47n->i° «=7n* + 2771 271'^ +71* —{m‘‘- + n”)~ 
Butc=e:(j?i=+7i=)= •.n3+6==c®. 


If 7)1 = 

2 

3 

4 

3 

4 

4 

&c 

and n- 

1 

B 

1 

2 

2 

3 

&c 

Then a — 

0 

0 

8 

16 

5 

12 

B 

&c 

6 = 

■1 

6 

8 

12 

16 

24 

BB 

Cs= 

5 

10 

17 

13 

20 

26 

&c 


Pi op. No 360 

16 (i) 0 = 26 cm. /7'=’12 era BD-=9 cm 

c= 7y>2 + BD2“ ^12x 12 + 9x9= Jm=*16cm. 
Sirailaily b= JUi ^ 162= ^400 =-20 cm 
& = 20, and c= 16, 

(n) 6 = 41" c = 50", BD=30" 

;> = J502 - 302 = 600 = 40" 

and a = BD + DC = 30" + = 30” •** 74'! -40^ 

= 30" + 9" = 39" 

BD= and DC= JoTITJ/i 

add BD + DO = 

ButBD + DC=a 

, a— a/c^ZT^s + 

Prop No. 361 

17 In the A ABO, AD is the altitude. 

j7* = - BD^, and again = 6* - DC® 

c®-BD® = 62-DC® 

If a = 61 cm , 6 = 20 ctn , c = 37 cm. 

Now ca-BD2 = 52-feC® *. c®-6® = BD®-DCi o»'c®~6*«i 

<BD + DC) (BD - DC; = a (BD ~ CD) 
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Now substituting tbe values, 

BD-CD-i±’ 

^ Rl HJ qI, 


a ~ 61 67 

j^gaiii BD + CD = 51 

BD-CD-19 
2 BD = 70 

BD = 35 cm and CD =« 61 — 35 = 16 cm 

Now again ;>■= BD*“» V(37 - 35) (37 + 35) “ »/2 x 72 = 

12 cm 

, » area of tho A ABC = J x a x p 

=t Jx 61 X 12k=i306 sq. cm, 

Prop. No. 362 

18. t*) - c* = (DC + BD) (DC - BD) 

DC-BD«12Lli® = i» 

i; 

'But DC+BD^m 

add 2DC = ^ + 17 «.Yt- 


.. DC. 


.308" 


AndBD«=l7- 

3i 31 

Now ^ ^ cm. 

the area of A ABC = i x If x 17 » 36* sq in. 
Prop, No. 363. 

<m) 6* - c* =» pO + BD) (DO - BD) 

. . DO - BD - IZlziS’ _ . !« . it 

^6 25 26 6 

Bub DO 4= BD»= 25 

Add 2DC 2b.-t-V-='^-ffc. 

‘.DC »-Vot ft 

Now ft, 

y vToV iw 10 

the area of the A ABC = | x x 26 « 90 sq ft. 
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Prop No. 364, 
(tit) (DC + BD) (DC - BD) = - c*. 


.',DC-BD*= 


28- -15- .55*) 


41 ,l 

. DCaBD = 41 559_422 

•JDU=4l 41 41 

1122 
Si 


.-.DC 


^■‘>'P=V“'-(Tr) 


1122\4_252 


il 


cm. 


252 


.‘.Area of A ABC=»4x x4l=»126 8q cm. 
Prop No 365 

(tr) (DC+BD) (DC-BD)=62 -c= 

37= -132 .»i0x24 


DC-BD: 


40 


4(J 


30 yds 


Sum 


DC-»-BD=40 yds 


2DG=70 Tt’s 


L DC =33 yds 


Now p= ^/372 _ 35- = ^/72 x 2 = 13 yds 

the area of the A ABC =4x12x40 = 240 sq yds 
Prop No 366. 

19. The angle POQ is n rt angle. 

5 62-1-3 32 .* PQ= s/5 6“4.'3 3= = 6*5 cm 

takes the position as P'Q' « here OB' =- 4 cm. 

.’.OQ’= Vb5'-4== ^2^25*5 1 cm. 

Prop No 367. 


PQ2=OP2+OQ2 = 
Now PQ slides and 


20. Area of the A = » i 

and also x^ixc 

.* 4a6 = ^pc 

/. a5=jpc 

Nowpc=a5 or-1- =-£- 
p ab 

i = — Butc2=a*+5* 
a* 6* 

• J_=?Lti*or J.-t-J- 

'V a*l»a a» ‘ 6* 
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PAHT II 

Page 127, Proe. 17. 

Prop !No 368 

1 ABGD Is a square doscnbed on BC= 6 cm. Join BD 
Then BB is a diagonal of the square, and the L. CBD = 45 *, 
Prom C diaxr CE ll BD meeting AD produced at E DBCE is tho 
parallelogram on tho same base BC hiiN ing tho same altitude DC as 
the squoic 

. the square ABCDt= tho parallelogram DBCE The diagonal 
BD which IS also tho oblique side of the painllelogiam DBCE^ 
, 72 x 52 =>5 X JT" = 7 1cm Bymensuicment.vlsoBDo=7 1 cm nearly. 

Prop No 3G9 

2 On the base ABt= 2 0 " dcsciibe a paiallelogram ^\hoso oppo- 
site oblique sides ADsBC^a" From the points A .vnd B ns 
centres with a radius =2 5' draw two aics cutting, DC, and DO 
produced at E and P respeotiiely Join AE and BF Then E A BP 
IS the rhombus lequued on the same base AB and between the same 
parallels AB and DP, 


Prop No^a70 

3 In the figure gi\ en on page to explain tho definition of 
complements, AO is the diagonal of the paiallelogram ABCD. 


the ABC = tho ^ ADC Again API is the diagonal of 
the painllelogiam EH, and KC of GF, the A AHK= the a 
AEK, and the A KFO= the A 35.GO From tho A ADC talc© 
away the As AH^Kind TIFC, and from the A ABC takeaway 
the As AEK, and KGO, then the remainder HF=theieniainder EG 


EG is a paiallelogiam, pioduce GK one of its sides to H, making 
KH equal to given st line HK Fiom H diaw HA || EK orGB, 
meeting BE produced at A Join AK, os AH is )| EK, * AK 
if produced will meet BG produced, and let them meet at C From 
C draw CD n GH or AB meeting EK and AH produced at F and 
D respectively Then HF is the paiallelogiam equal and equiangular 
to the gi\ en parallelogram EG 


Piop No 371 ' 

4 UtODEEbelhegnen reolnngl,!, and AB tlfn given st 
Ime Produce EB to G, torting Pq.aB. Preceed « m the 

^ , 
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coTistruchon of the last precediug exercise, and complete the 
figure HDKM, in winch FM is the lequired rectangle which i8= 
the rectangle CDEF, because each of them are complements to the 
figuies CG and EL parallelograms about the diagonal HK 

Tlie lemaimng side FL of the rectangle FM is by measurement 
equal to 4 cm. 

Plop No 372. 

5 ABCD 18 the given paiallologram m which AB = 2 4", 
AL*=1 8", and the L. A = 55* It is requited to draw a parallelo- 
gram whose greatest side = 2 7" Proceed as in last preceding 
exercise and complete the figure AFKG, in which CK is the re- 
•quired parallelogiam equiangular to the given parallelogiara ABCD. 

The shorter side of the parallelogi'am OK measures 1 6". 

Prop No. 375 

If the L. A 18 increased the area of the given parallelogram 
ABCD will also inciease so that when the L. A becomes a rt L 
the area of thefigme ivill reach its maximum, for with the inciease 
of the L. A, the altitude from D upon AB increases till AD itself 
becomes the altitude. With the increase of the area of ABCD, the 
ftiea of the parallelogram CK also increases; In the similar manner 
with the decrease of the l_ A the area also decreases, and it be- 
comes zero when the L. A is = D, or the sides AB and AD coincide. 

, Pi op.. No. 374. 

6. ABC is an eqmlateral on a side BC=6 cm. From the 
vertex A draw AD perpendicular to BC From C draw CF || AD, 
and from A draw AEK B BC cutting CF atE, and. make EP=6 cm. 
From F draw FG n AE or BC, meeting DA produced at G Join 
GE Produce GB to meet BC pioduced at H From H draw 
HKL II CF or DAG, meeting AE and GF produced at K and L 
respectively The figure EL is the rectangle required, and it is 
described on EF = 6 cm. , 

The remaining side EK of the rectangle EL measures 3‘1 
•cm. nearly. ' 

i The areofof EL= 6 x 3*1 = 15 5 sq cm. approximately. 
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PABT It 
Page 130 

Problems 18—19. 

Piop No 373 

1. ABCD is tho quadrilateral, Join DB. Fi oni C dravs CE It 
DB, meeting AB pioduced at E. Join DE. 

The triangle ADE isn m area to the figuio ABCE 

AE tbe base w 10 9 cm , and DP the altitude « 4*4 cm 

. .tlie aiea of tlie tiiangle ADE= J x 4 4 x 10 9 b» 23 98 sq cm. 
Plop No 376 

2, ABCD IB the giion quadrilateral and BD the diagonal. 
Proceed 06 in the above OKOicise, and measuiu out AEaQ?” and 
the altitude DFw2*9", 

the area of the triangle ADE » ^ x 2 9 x 6 8 » 8 41" sq in. 
Pisip No. 377 

3. ABODE IB a regular pentagon of which each side « 4 cm. 
Join DA and DB, and produce AB both v. aya to F and G Fiom the 
points C and E draw CG and EF ||3 DB and DA icapeotivoly meet- 
ing AB produced at G, and BA pioduced at F. Join DP and DG. 
Then the A FDG is equal to the pentagon ABCD. The altitude 
from D on FG*» 6 1 em and FG measures 9*2 cm 

area of the A'*J^®1^92«=28 06 nearly 
Prop, No 378 

4, From the point D draw DE || AC meeting BA produced 
at E. From C draw CF perpendicular to AB produced. Join CE 
The ECB is the A required AD = 365 m , and EB o 710 m, 

the area of the A ECD « § x 710 x 365 

s= 129575 sq metres. 

Prop No 379. Piop. No. 380. 

5 D the other extremity of the given base BD lies in BO or BO 
produced. Join AD From 0 draw OE « AD, meeting BA produced 
or BA at E. Join DE Then EBD is the required A The A ADE 
«the A DAO, for they aie on the same base AD, and between the 
same parallels AD and EC. [Thooi, 26 ] To each of these add the 
A ABD in case (i) or the figure BEOC in case («*) Then the whole 
A ABO =» the whole A EBD 
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{%) Prop. No 381k (ti) Prop. No 382k 

6. Let ABC be the given and P the altitndok If the given 
altitude = the altitude of the /\ ABC, then pioceed to describe 
ft ^ as given in Problem 8 But in case the giien altitude be less 
or greater than the altitude of the ^ ABC pioceed thus. Fiom the 
points B and C draw BE and CD at rt, L-.s to BG, and through A 
draw EAD S BC, meeting BE and CD at E and D Fiom CD or 
CD produced cut off CP Pk Join BPk Produce BP if necessary 
to meet EAD or EAD produced at G Prom G draw GK |) BE or 
CD, meeting BC or BC produced at K, and through P draw MP 
jj BC or ED, meeting BE, and GK or these produced at 
M and H Take any point O itt MP, and join BO and K.O. Theii 
OBK is the required A* Then because (t) EK or (tt) MC is a rect- 
angle and (i) BG oi (tt) BF the diagonal, the complements EP 
and HC are equal, the rectangle BCtathe rectangle MK. 

But the A ABC— ^ of EC, and the A OBK**^ of MK, because 
they aie on the same base BC and BK, and between the same ||s BO 
and ED oi BlC and MHk the A ABC = the A OBK. 

Piop No 383. Prop No 384. 

7. Let ABC be the given A a.nd X the given point. Through 
the points B and G di aw BE and CD st. lines at rt 1_*8 to BO, and 
till ough A draw a et. line EAD || BC, meeting BE and CD at E 
and D. Fiom the giien point X diaw a st line XM |] BC, meeting 
BE and CD or these produced at M and P Join BF, meeting ED 
or ED produced at G. Fiom G draw GE. || BE and CD, meeting' 
BC at K, and produce if necessary to meet MX at H. Join BX 
und XK. Now EX (^), or MC (it) the i-ectkingle, and the comple- 
ment EP= the complement FK, •, the figure BD<a the figure MK, 
and also their halves are equal, the A ABC half of BD^the A' 
XBK half of MKk 

Prop No. 386. 

8. ABCD is a quadrilateral, and X a given point in DC, It is 
reqmied to construct a A having its vertex at X, and its base being 
in the same st line with AB. First consti net the A ADE«the 
quadri figure ABCD [Prob 18 ] Then proceeding as in the lust 
preceding exercise construct a A AXN =» the A ADE. 
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Pi op No 386 

9 ABC IS a given A Di\ide otie of its sides BC into any n 
say 4 parts at D, E, and P points. Join these points Mith the L. 
opposite to them, t e , AD, AE, and AF, (Sic Now the A ABC i^ 
divided into « heie four equal As ABD, ADE, AEP and AFC 

Because AO is the altitude of the A ABC and AO is the 
common altitude for all these n hero four triangles, and then bases 
are equal But the area«^xbusox ht the areas of tiicse 
tilangles are equal Or, all these triangles are on equal bases and 
between the ||s BO and that drawn through A the common vertex^ 

these triangles are egwa? in ai ea [Theor. 26 ] O is the pomfe 
of intersection of PQ and ZO, 

10 Z IS the middle point of AB, then ZC bisect the A ABC, 
t c , the A BZC = the A AZe But the A ZPQ*=the A QOZ, 
take away the equal paits ZOQ, then A ZOP = A COQ Now by 
taking A COQ from the A BZC .ind adding A ZOP, and similarly 
by taking away the A ZOP fiom the A AZO and adding the A 
COQ, the A “ the ftgnre APQC 

11 Let AP and HX intersect at 0, and AQ and K.X at O', 
then with the same reasoning ns given above the A BHX « the 
A APQ, and the A CKX the A APQ .* the A BHX « the A 
CKXr=theAAPQ But ns the A E[OA = ABOX and the A 
KO'A = the AQO’X .* the A BHX = the AClCX=the figure 
AHXK 

Plop No 387 

12 ABC IS a A> X is a point in the base BC It is re- 
quired to out oft from the A ABC in an -^tli part by a st line 

drawn from the point X Make BD = ^th part of BC, say here |th 
part Jom AD and AX Fiom D diaw DE [| AX, meeting AB at 
E and join EX Then BEX is the required part Because the A 
BAD 18 the —til part of the A ABC, and the A BEX can be 
proved on the analogy of the proof of the last preceding exercise 
« the A BAD os t!ie A BAD is ~th oi near Jth part 

, the A BEX IS the— th and here ^tb part of the A ABC 
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Piop. No 388. 

13, ABCD IS a quadrilateial. Join DB. From C draw CE (f 
PB meeting AB produced at E Join DE Tlien the A ADE*=i 
the figure ABCD. [Piob 18] 

Bisect the base AE of the A ADE, nt F, and join DFlr 
Then the triangle ADP = the triangle FDE. 

*. the triangle ADP is half of the triangle ADE and Cli\S 
triangle ADP is also half of the figure ABCD. 

Prop No 389. 

14. ABCD is a quadrilateral. Constiuot a triangle ADEartfte 
figme ABCD [Piob 18.J Bisect the b.i3e AE of the triangle ADE 

into 71 paits, and make AP== ■^tli of AE. Join DP Because the 
A ADP= —til part of the A ADE 

/. the A ADP is also -^th part of the pundrilateral ABCD. 

PART II. 

Paof. 134. 

Prop No 390. 

1. XOX' and YOY' nio the axis of refeience and 0 the point 
of origin. 

(t) Along OX maik off CM, 4 units in length, and at M draw 
hi A perp. to OX, making MA = 6 units of length. Then 
A IS the point whose co-ordinates are (0, 4). 

Similarly mark off A in the following three cases whoso 
co-ordinates are ( - G, 4), ( - 6, - 4), (6, - 4) 

(ii) Plop. No. 391. 

{xvi) Pi op No 392. 

2 (i) Prop No 393, (tt) Pi op. No. 394. 

Piop No 395. 

3 (i) Co-ordinates of the middle point aio (8, 6). 

(it) ,, „ (10, lO). 

Piop. No. (t) 396 (ti) 397. (m) 398 (le) 399 

$ 

4 Co-oidmates of mid-points. 

(<) (*> 5), (u) (4, 5), ifh) ( - 4, - 5), (.,) ( - 4, - 6). 
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Propi No 400. 

6. The CO ortlinafcsi of the points of tuscction of the line joining 
(0, 0) to (18, 15) nit (6, 5) niiil (12, 10 ) 

Prop No 401 

6. The nbscissa of llio points P in (i) is the same while oidinnte 
changes, . , the position of tho P points lies on tlie lino parnllcl to 
YOY' ^^^hllo in case (u) the nh'.cibsn changes but orclinnto is tho 
enrao tluoughout, the line of position of points P icmnins parallel 
to XOX' If the line of position of P points bo produced it intersects 
Ihat of P* points, tho co-oidinntc of which me (5, 8.) 

Pi op No. 402 

7 (i) The distance OP« a/8*-}- 1 5® *= 17. 

Prom the centre O with a radius =• OP, dcsciibc an arc 
PQ cutting tho abscissti at Q w Inch is 1 7 pni ts distant 
fiom the origin 0 . DP«=i 17, 

Prop. No 103 

(it) Here the distance OP= .,/(-8)* -f (- 15)*-al7. 

Fiom tho ccutie O with radius OP describe an arc PQ 
meeting the oidinatc of X nt Q which is 17 parts from 
tlic oiigin. .,OP*^17. 

Prop No. 404 

(ti'i) The distance OP •= V 2 1*-}- 7®»2'D" 

Fi om the centre O w ith tho radius OP, describe an arc 
PQ meeting tho ordinate of X at Q which is 2*4" from 
the origin O. ,* OP = 2 5" 

Prop. No. 405 

7. (iv) OP= ^/7»T2‘^-2 6" 

Fiom the centre 0 and with radius OP draw an arc PQ 
meeting lino of X at Q wdiich leads 2 5". . , OP«>« 2‘5". 

Piop No 406. 

(t) PP'*= Fiom the centre O with a radius 

«PP' draw an arc cutting OX' nt Q which is 5 parts 
distant from 0. , . PP' = 5. 
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Pi op Iso 407 

(tt) From P' dinw P'M il OX' meeting PS at AI 

FM = 9-5»4, and PM = 8-5 = 3. /. PF= 

= 5. Fiom the centie 0 with a radius = PP' draw an 
arc cutting OX' at Q, ^ e., at 5th division fiom 0, 

PF = o. 

Prop No 408 

(m) OP'*8, OP=15 • PP'= VS2+15S«17. 

From the ceiitie 0 and with a ladius PF draw an arc 
cutting OX' at Q which point is at the 17th division from 

O. :PP=17 

Pi op No. 409. 

(tv) From the point P draw PM || XOX' meeting P' 5 at M. 
Now PM = 10 + 5»15, and FM = 12-4 = 8 /. PP'« 
.^153 + 88 =17 

From the centre 0 siith radius PP' draw an arc cut- 
ting XO at Q, a point 17 divisions apart from 0, 

PP' = 17. 

Prop No 410. 

(v) PP'*= ^82+353 j=S6 approximately. 

Fiom the centre 0 with radius = PP' draw an arc cut- 
ting OX' at Q just neAi’ the 36th division from 0. ' 

PP' =» 36 nearly. 

Pi op No 411 

8. (vt) From P' draw P'M = XOX' meeting P20 produced at 

M No w P'M 20 15 =g 35, and PJM l.*1 x 3 == 18. 
PF*= .y/ 352+lb2=.S9 4. By measuring PP' in the 
compasses and then applying the logs of the compasses 
along XOX' it covers something above 39 divisions. 
PF =» 39 nearly 

Prop No 413 

9. Join PF, P'F, and PP"" As P and P" are 3 divisions on 
•the Y ordinate, and hence PP" li XOX', and =7 + 3 = 10. From 
the centre 0 with ladius PP' draw an arc cutting OX' at X', a point 
10 divisions from O. 

< , BP =10, and PP'=10 also PF + PP" are the cgiial 

sides of the isosceles A BP'P". ' , 
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Piop No 413 

10 The CO oidiufttes o£ A= (0, D) , OA*=5 

„ B= (3,4) . OB- VS’TP-S 

„ C= < 0 . 0) . OC«5 

„ D = (4,- 3) .. OD» ^/4- + (-3)- =5 

,, E — ( — 5, 0) , OE ■= o 

„ F=(0,~ 6) . OF^5. 

„ Q = (-4, 3) .. OG- ;^/(_4)= +3- *=5 

„ H - ( - 4, 3) OH = n/(-4)- + (- 6)- = 5 

Hence it appears that the distance of all those 8 points from 0 
is 5, and . if a circle be dtawu from the centre 0 Mith a indiusr= 
the distance of one of these points from D, it n ill pass through all 
other points 

Prop No 414. 

11 (i) Suppose on — 4, o6 *» 8 

Then J = Ja- +b- 

(it) oh = b, oa^=a ]oin ab 
.•.o6= Va-x6- 
(i«) join 60, then oh =s 
the distances between these points are cc[aal. 

Prop No 415 

12. These points when plotted become the angular points of a 

square, and the st lines joining them become diagonals of that 
square, and hence they bisect each other. 

. Prop No 416 

13. When these points are plotted they occupy the places indr- 
cated in the figure by A, B, ic, lespectuely The distance bet- 
ween B and C— 9 -(•4— 13 From the centre A ivith a ladius AB 
draw an arc cutting the parallel thiough A at Q, i e., 13 divisions 
from A .* AB = 13 AB-BC 

. The base AC IS out by the axis of X at Gth dmsion whicb 
dmdes AC into tiro equal ports 

Prop. No 417 

14. . The TO-ordinates of the fourth \ ertice is (0, 0) and the 
coordmates of the intersection of the diagonala are (7, 5). 
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Prop j!fo 418 

15. Bv joining the foui points ABCD, as the co-ordinates of D 
(5, 12), . AD= J~>~ +12^ *= 13, Minch is = AB. 

the four sides of the figure ABCD iie equal, but the L.s are 
not right L.''> . the fignie is a ilioinbus Join AC and B, and they 
intcisect cvch othei at 2 the co-ordiiiates of mIucIi are (9, 6) 

16 Tlie locus of the point is the st line bisecting OP at rt' L_s, 
and the locus cuts the ums at the points (4, 0) and (0, — 4) 

17. (i) ABCD IS a lectangle, side AB*: 17 — 4^13, and AD 
= 12-3 = 9. * the area= 9 X 13 = 117. 

(ti) AB= lo — 2 = 13 and AD = 6 -1-3 aiea = 9 x 13 = ll7. 
^tii) AB = ti -I* 8 = 1 3, and AD =8 -{-1 = 9. 
aiea=9 x 13 = 117. 

18 The quadi ilatei al formed is a square Ao and BD are the 

diagonals / area = _^— = = 2 sq in Kow joining the mid- 

die points of the sides of the abo\e square, avo get another smaller 
square PQRS eicU side of Avhicli = 1^, 

.* the atei of PQ.Il? = 1“ or 1 sq inch 

19 ABC IS a Aj BC=18-4 = 14, ..tid. altitude AD = 10. 

' the aiea of A ABC = 4 x 14x 10=70 units of aiea. Thp 
aboAc rubs apply to all tiie four A^ Mhieh ha\e the equal bases and 
altitudes 

Pi op 1^0 415 

20. (') ABC is the Aj AC ts the base=G, ubileBS the altitude 

= 3. area of A — f^3xG = 9 units of aiea 

Piop 2so. 116 

(n) In this A ^*150 AB = 3, and altitude AC =6. 

*. th“ area of the A'“^^3xG = 9 units of area. The 

l_s 111 the A in (0 me 31’, 71’ and 78* 

Piop 2s o 417 

21 (i) The side BC joining t.\o points B and C the co-ordi- 

nates of mI.icIi aie (12,l0j and (12, - 6) lie on the line 
13 units distant fiom 0, and n the axis Y, The area. 

of the A =^'<(10-i-6)xl2 = 96 imits of area. 

Piop Iso 418. 

(it) In this A tbe side BC is u the axis of X 

The aiea = J x (5 -f 15) ^ 8 = 80 units of area,. 



( ”4 ) 

Prop. No. 419 

(ttt) In the A ABO, BC la || the axis of Y 

The area*=> Jx (12+8) x 12 **120 units of area. 

Prop, No 420. 

(w) In this ^ base BO is 11 the axis of X 

The area =» J x (6 + 20) x 8 « 104 units of area. 

Prop No 421 

22. (i) The area of theA A.BO *= J x (15-5) x (16-6) « 60 units of area. 

Prop No 422. 

(ti) ,, „ *= J X 8 X (18 — 3) s= 60 ,, ,, 

Prop No 423 

(tt^ „ „ t=Jx(8 + 4)x(16 + 4)*=120„ „ 

Prop No 424 

(w) „ „ -H16 + 7)^01 + 1)“132„ 

Prop No 426 

23. Plot the points A, B, 0, and D, and join AB, BC, CD, and AD. 
Then ABOD is a parallelogram From the centre D "with the i odius » 
DA draw an arc AP cutting the st hne DF drawn U the axis of X at 
P, then DP = T - 2 » 6 units of length, i e , AD = 6. In the same 
manner from the centie D with radius** DO, draw an arc CQ cutting 
the st. lino PD produced at Q, then DQ=aDO*a 11 + 2= 13. 

the adjacent aides of the parallelogram are 5 and 13 respectively. 
Area of the parallelogram = (16 x 9) - 2 {(^ x 12 x 5) + (^ x 4 x 3)} 

**136-2 {30+ 6} « 135 -72 
** 63 units of area. 

Prop No. 426, 

24. (t) ABDO IS a trapenura of which AB |1 CD. AC = 9 - 8 *=> 6, 

, area *= J x 6 x (3 + 6) «* 27 units of area, 

Prop. No 437. 

(ti) ABOD is a trapezium. AD » 3 + 3 <* 6. 

, area**^ X (6 + 2) x 6 =i 80 units of area. 

Prop. No. 428 

(m)' ABDO is a trapezium. DO -11 -3 = 8. From B draw 

BE ti AO, and B 4 if produced is the altitude, ’ BE=. 5. 

' The area of the parallelogram AB »* 6 x 4 = 20 units of area^ 
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nnd the ai ea of the A BDE =^x4x5 = 10 units of area, 

.*. the area of tlio tiape?mm *= 20 + 10 «* 30 units of area. 

Prop. No. 429 

(tv) From G dra\r CE n AB, and BF=6 is the altitude. the 
area of tho figure BE =6 + 3 *5=8 and the area of the A 
CDE = ^ X (8 - 3) X 6 = 12 6 the area of the trapezium 

to 8 + 12*5 «= 20*5 units of area. 

Prop No 430. 

25. ( t ) From A and B draw AP and BQ fl YY’, and through G 
draw PCQ IJ XX', meeting AP and BQ at P and Q. 
Now aiea of the tr.'ipeziura APQBta^ {9 + 4)x 16=i 
97 5. Fiom this subtract the area of tao A® APO 

and BQC = 24^ + 1^ = 31-5 + 16 = 47 5. 

■S « 

. . tho area of the A ABC = 97 6 - 47 5 « 50 units 
of area. 

Prop No 431 

(tt) Draw AP and BQ B YY' and QCP B XX’ similar to 
the case above 

I 

Now the aiea of the trapezium BQPA«=»-J (7 + 9) x 
17 = 138. From this subtract the area of As APO and 

BQC«2iill + l2il. ®i+il = iii=705 

2 2 2 2 2 

; tlie area of the A ABC= 13 6 - 70 5 « 65*6 units 

of area 

Plop. No 432, 

(«i) From C draw CP R XX' meeting YY' at P. The area 
of the A APC=3^x 11 X 14 = 77 From -nhich sub- 
tract tho ai ea of A BPC =4x14x8 = 56 

the area of thoAABC=77 - 56 = 21 units of area. 
Pi op. No 433. 

(tv) Complete tho trapezium as in cases (t) and (it). Then 
the area of tho trapezium =4 (9 + 19)xl3 = 183 
subtract the area of two triangles APC and BQO = 
19x8^9x5 152 + 45 .q . 

.• the area of the A ABC =182- OS’S = 83-5 units 
of area, 
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Prop Iso 434. 

26 Join BD Then AC and BD aie the diagonals, but AO 

hes along the axis XX*, BD at 1 1 i s to AC is o Y Y’ 

1 0 X 24 /\ 

aiea of the xhombus ABCD =» — *=*120 units of area. 

From the centre D with ladios^DC, diaiv an aic CQ cutting 
the St line DQ which is paiallel to the aMS of X, the co-ordinates 
of the point Q are (20, - 6) 

*. the length of DQ= 20 — 7 = 13 

each side of the rhombus is=»13 units 

Prop No 435 

27 CB= ^/CE=+EB= = n/F+T- = >7150 = 10 

AB=;^5=-H2i= 169 =13 

CD = CG+GD= ,yFTP-J- ;^/FTF = 10-f5 = l6 By 
measunng AD IS found = 8 3 The area of BCFO = aiea 
of A BCG-Al'’OG = (ixl6x6)-(Jx3x4) = 48-6 = 42 
nnits of area, and the area of A AOB = Jxl2x5 = 30 units 
of area 

Pi op No 436 

28 In the figure ABCD produce DA and CB to meet at F, 

the co-ordinates of F are ( — 10, - 10) AB= -i-i-* -^ = 

5-^6=l0 

BC=13-4=9, and CD = ^15- -f F= ^ 289 = 17 

From the centre A witli radius = AD diaw an arc DQ cutting 
AQ at Q the co-ordinates of w hich are (9-4) AD = 4 + 9 = 13 
nearly or by measunng AD with the help of a decimal diagonal 
scale AD =12 7 

From D draw DE B XX' meeting CP at E 

The area of the A ECD = J x DExCF=Jx1dx23 = 1725 
sq units, and 

The area of the A ABF= J x AG xBF=Jx6xl4=42sq units 
the area of the figure ABCD = 172 5 - 42 = 130 5 sq units 

Prop No. 437 

39 The points B and D are on the same Hs, join BD, = 8-l-4 
= 13, andOD=8-3«5. 
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.* AB=. 78® + 6»=. 10, BC- 712^+6* = 13, CD = 5 and BE 

ta 74®"+3®=>5, and AE = 3. 

The area o£ tlic fi"U'e ABODE** area of A ABF+nrea of ^ 
BCD + area of f x 8x6 + ixl2j<6 + Jx4x3<=* 24 + 30 + 

GaGOcq nulls. 

Pi op Ko 438. 

30 Foi want of space the scale has been reduced toj'*il00 
yds or l''*=200 yds Fiom B and C draw CE and BF || YY', and 
fiom A dia.i E VF it XX' 

The area of the liapcrium CEFB » ^ (CE + BF) x EF. 

Bub CE=:100 ana BF = 700, and EP=«800 yds. 

, thoaiciiof tlie tiapeziura (100 + 700) x 800 *=320000 sq. yd*. 

and the aie ’ of the A ABF» Vx 400 x 700 « 140000 sq. yds 

and that of the A ACE= ^ x 100 x 400«=20000 

Sum or the aica of iiolh the A**** IGOOOO. 

, the area of the A ABC = 330000 - IGOOOO «- 160000 sq yds. 

Fioin the centie C wiili iadius*=CB draw an arc cutting the st. 
line thiottgh C 1! XX' at Q tlio cO'Oidinates of which are ( Y, - 2"). 

. CQ = 5" + 5" = 10* 01 1000 jds. (in the plan J'* represents 1" of 
the question) 

From A diaw AP perpendicular on BC, and measure it, AP 
= 320 } ds. 

Prop. FTo. 439 

31. On measuring the lines that join the points it is found 
that they .ire all =* one anothci, and the Ls they contain are rt. 
L_s. the figiiio is .1 square 

Fiona the ccntie A with AB as radius draw an arc AQ cutting 
AX at Q, then AQ = lo uppioximately, and the area ■* 225 sq. 
units appioximately 

(i) Fiom C diaw ECF II XX', meeting YY'atE, and from B 
draw GBF || YY' meeting XX' at C and EOF at F. Each side of 
this squaie EOGF=> 20, * area=*20* =*400 sq units, and the area 
of each of the ADO, ABC, BFC and CED -» J x 6 x 14 *= 42 sq. 
units, .* aica of the 4 As =» 4x42 =*168 sq. nints. Subtract 
this area of As fiom that of the square, t.e, 400-168 the area 
of the squttie ABCD*a232 sq. units, > 
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(it) Divide the squaie ABOD, as gnen in e\amplo 1, page 
120 , into four equal As and one middle squaio 
The area of the middle square = 8® = 6 1 sq units 
The area of the 4 rt Led As {4x14x6} **4x 
42 = 168 sq units 

the aiea of the given square ABCD = 64 + 168« 
232 sq units 


PART II. 

Page 1 38. 

Misoellaneous. 

Prop No 140 

1. The side AB > the side AC Piom C dinw CE || AP, 
meeting BA pioduced at E Because AP || CE, the L. BAP = the 
LAEC, and theLPAC = ACE But the LBAP = LPAC 
.* the L AEC =» the L ACE. Hence AE = AC Now in the A 
BCE the St line AP is n CE ' AP divides BC and BE proportional- 
ly, t 6, BF PC BA AC. ButAE = AC . ^ But 

BA > AO . BP > PC 

But BX = XC (Hyp ) ‘ BP > BX, again AB > AC, then 

the L. ACB > the L ABC, add to each one of the=L,s BAP, and 
CAP Then the Ls ACB and CAP aie > the Ls ABC and BAP. 
But these four 1_8= 4 rt Ls the Ls ABC and BAP ■= the 
exterior L APC are less than a rt L . . the L APD is < the 
L ADP, AP 18 > AD, or AP lies towards B from AD the 
perpendicular, AP lies between AX and AD, and it is also inter- 
mediate in magnitude 

Prop. No 441 

2 ABC IS a A) AP bisects the L BAC. Prom C diaw CQ 
perpendicular to AP or AP produced. Produce CQ to meet AB or 
AB pioduced at E Then because AD the bisector of the L BAC is 
perpendicular on CE, AE = AC, and the L AEC = the L ACE. 
(t) The exter L AEO = inter Ls CBE and BCE To these 
add the L ACE . the Ls AEC and ACE = the La 
ABC and ACB ' each of the Ls AEC or ACE = J 
of the Ls ABC and ACB. 
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(ii) The L AEC«=the L ACE Add the L BCE *. the 1_8 
AEC+BCE=theLs ACE+BCE«=the L ACB. But 
the L.S AEC and ACE are cqual.^-ai^the L AEG «= the 
L.S ABC and BCE 

/ the ACB = 2 l_ BCE + the L ABC 

Hence twice the L. BCEsathe L. ACB - the L. ABC. 

the L_ BCE = l (L ACB - L ABC). 

Prop 2so 142 

3 In the figure of the last preceding oxer. 2, draw AD perpen- 
dicular to CB The l_s APD and P\D are = the L_ ADP , for the 
L_ ADP is a rfc L.> Hence the L_ PAD is complementary to the 
L. APD. 

But a^so in PQC, the L. PQC is a rt L_, / tlie L. PCQ is 
complementarj to the L. CPQ oi DP A . the L_ PAD *= the L. PCQ 

But the L PCQ = i (the L ACB -the L ABC) by the last 
preceding exercise . the L PAD = \ (L. ACB - L.ABC ) 

Prop Ko 443 

4 Let C bo the hypotenuse and AB the difierence of the other 

sides of a rt l__cd ^ At the point A make an L BAO = 45' 

or 1 rt L_ From B as centre and with radius =:C the hypotenuse 
Draw an arc cutting AO at O From 0 drop OP perpendicular on 
AB produced. Then BOP is the A required. In the A APO, tho 
L P IS rt and tho L, A=4.j*, ’ tho remaimng L. AOP=r45*, 

PO = AP. For ABsa AP — BP=PO — BP, PO andPB are 
the two sides of tho rt Led A BOP, BO = C is the hypotenuse. 

Prop Ko 444 

5. Let the L A he the difierence of the base Ls, and B the 
difference of the two sides, and CD the given baSe. It is required to 
descnbe the A- Bisect the L A At the point C make an L DOE = 
5 A. Fiom the centre D with radius = B draw an arc cutting CE at E. 
Join DE Bisect CE at 0, and diaw OP ot rt. Ls to CE, meeting 
DE produced at P Join CP Then CPD is the required A- Since 
OP IS drawn from the middle point of CE at rt. Ls to CE, PC=a 
PE. ED = PD-PE«PD-PC. 

Kowtheexter L CEP = the Ls ODE + DOE or the L PCE 
«the Ls ODE + DOE. Add the L DCE. 
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the T^hole L PCD«2 L DCE + L CDE 

* Twice tlie L BCE« the L PCD - the L CDE, or the L. A « 
the L PCD -the L CDE 

Pi op No tl3. 

(tt) Let B be the sum of the two side? and others as gnen above 

At C make an 1 DCE = ^ the L A Di aw CO at rt» 

l_8 to CE Piom the point D ns centre and w ith a 
radius >=> B di aw an arc cutting CO at 0 Join OD cut- 
ting CE at E Bisect OE at 0, and 30111 CO. Then 
because the L. OCE is a it L «Mid CO is drawn from 
the rt L to the middle point of OE the hypotenuse, 

CO = PO = OE [Exer 10 to coi 2 Theoi 16, page 
47 ] Then PCD is the ^ reijuired CD is the base PD 
and PC aie the two sides, the sum of wlnch = D0«=B, 
and the 1_A «= the difference of the L_s PCD and PDC 
Piop No 440 

6 Let BC be the base and A tbe sum of one s.do and tbo alti- 
tude Bisect the base BC at D, and diaw DE .at rt L.s to BO, 
making DE » A, join BE. Bisect BE at F, and di aw FO at 1 1 L.s to 
BE, meeting DE at G Join BG and CG Then GBC is the inquired 
In the yi^s BGF and EGF, the L_s at F aic it Ls, the side BF=> 
EF, and FG is common, . . the BGF and EGF aie congruent, 
and BG = EG . ED = BG + GD ButED = A, BG + GD = A 
Now BD>=DO, and 6D is com.non, and the L.s at D aie rt. 1_8 
/ the As BGD and CGD are congiuent, and BG»>CG. . GBC 
IS the required isosceles A 

Prop. No 447. 

7. Let AB be the giien st hue At E in AB draw BC at rfc^ 
L.8 to AjB At the point A make an L_ BAD = 22^* or it 1_ 
AD meeting BC at D At D in AD make the L x\DP= the L BAD- 
DP meeting AB at P. The P is the point where AB is dmded so 
that AP® =t 2Bps, now because the 1_ B kD^ the ADP (const ) 

AP = DP The ester L_ DPB « the Ls PAD and ADP = 45° 01 half 
“s rt L *. the L BPD =*tho L BDP, and hence BP = BD.. 

The L at Bis art L PD“ = BD®-}-BP=, but BD-BP... 
PD* >*. 2BPs, and DP » AP, *. PA* « 2BP*. 
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8 (tj The point 0 is outside tlio L. BAD or its vertical oppo-> 

site L_. Join OA, OD, OC, AC and OB 
From 0 draw EOF U AD, meeting BA and CD pio-- 
duccd atE and F icspectiNely. Join EC and ED. The 
A AOD=»the A EAD, and the A AEO=thc A AED 
the A AEC=tho A AOD 
In the same miinnci tlie A OBE«=the A OCE 
/. The sum of the A^ AEC + OCE=A8 OAD + OBE. 
From these equals take nv ay the part AEO. 
the A AOC**the As AOD + OBA 

Plop, No 419. 

(t») Let the point O be witlnn the L BAD The same 
construction being made The A AOD =« the A ACE 
01 tlie A AODmtlie AS-A-CO + OCE + ACE But the A 
OCE •= the A OBE the A’AOD»«the A® ACO + 
OBE + AOE .* the A ACO = the A AOD - the A OBA. 

Prop No 450. 

9 Let A BCD be the gi\on quadi ilatcral, of which AC and 
BD aie the diagonals, inleisccting each other at E. Pioduce OA 
to F and makeAF — CE, so that EP*=CA Jo»n DF and BF. 
Pioduce DB to G, and make BG = DE so that EG = BD. Join 
FG Then EF6 will be the A lequued. 

Then because the base AC-=EF, the A A3)Cs=the A BEF, 
and the A A BO = the A BEF [Tlieoi. 26] 

the tnangle BDF=ithe tiiangles ABC + ADO = the figure 
ABCD. 

But the triangle EFG = the tiiangle BDF, because thOy are on 
equal bases EG and BD, and between the same ||s [Theor 26]. 

. the tnangle EFG*=tlie figuie ABCD, and the side EF=the 
ding AC, and the side EG =* the diag BD, and the angle AEB 
is common. 

Prop No 451. 

10. Let the A® ABO and DBC be on the same base BC and of 
given area, a e , between the same paiallels BC and AD. Bisect 
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BC &t E Aiid join AE nnd DE Then AE and DE arc the medians 
OH' the base BC m the triangles ABC and DBC According to 
the Cor ITT, page 97, the medians of a triangle are concurrent 
about of the median fiom the base. In the A ABC the medians 
are concurient at the point 0, OE being of AE , and in the A 
DBC the medians are concurrent at P, a point about ^ of DE 
fiom BC 

Now in the A AED,i the point 0 is ^ of AE fiom E, and P is 
J'of DE from E, the line joining OP la parallel to AD or BC, 
and it is'^therofore the locus of the intersection of the medians of As 
described on BC and having the same uiea 

Prop No 412 ff-etAt 

. II Let ABC be the given Ai “‘d the given st line ^ It is 
required to draw a A on the ba^o BC equal in area to the A ABC 
and having its vertex at the given lino D Fiom A draw AE n BC, 
meeting the st line D, or D produced at E Join EB nnd EC 
Tlien EBC is the A required Since they are= for they are on the 
same base BC and between the same parallels BC and AE, and the 
verteV’E rests on the st line D 

In case the parallel AE does not meet D or D produced, then D 
must bo B BC and eithei above or below AE, and then the construc- 
tion, foils. 

Prop No 453 

< 12 “'Let ABOD be a parallelogram of rods turnable at all the cor- 

ner points, but the side AB is fixed, and E is the middle pointof 
DC Bisect AB at F, and join EF 

As the rods AD and BC remain constant, and when turn round 
the points A and B, they move in a circle round A and B Similarly 
the at line joining the middle points of AB and CD moves round 
the point F, and E the middle pointof DC describes a circle round P, 
and hence the locus of E is the circle described round F with radius 
-FE 
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